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Rice is the most important food crop in the world being the staple food for more than half of the
world's population, predominantly in Asia where more than 90% of the world's rice is grown and
consumed. It is a very versatile crop and there are many types of rice adapted to various environments
and cultivation practises.

Essentially there are five major rice growing environments (Khush, 1984), which have a profound
impact on the plant parasitic nematode fauna and their concomitant damage.

Irrigated
About 53% of the world rice area is irrigated and provides up to 75% of the total world rice
production. Irrigated (inundated) areas have good water control and rice is flooded throughout the
growing season.

Rainfed lowland
Approximately 31% of the world rice area is planted in rainfed lowland areas. Rainfed lowlands
have a wide variety of growing conditions related to depth and duration of standing water on the
crop, The fields are bunded but are entirely dependent on rainfall.

Deepwater
Areas classified as deepwater occur in the river deltas of South and Southeast Asia occupying about
3% of the world rice area. There is no water control and flooding occurs only during part of the
growing season when water depths vary to over 3 m.

Tidal wetlands
Tidal wetlands occur near sea coasts and inland estuaries and are directly or indirectly influenced
by tides.

Upland
Upland rice is grown in soils without surface water accumulation. It is rainfed without any water
control. Upland rice occupies approximately 13% of the world rice area and yields are generally
low. Most rice in Africa and Latin America is upland.

Plant Parasitic Nematodes in Subtropical and Tropical Agriculture M. Luc, R. A. Sikora and J. Bridge (eds) © CAB International
1990

69



70 PLANT PARASITIC NEMATODES IN SUBTROPICAL & TROPICAL AGRICULTURE

TABLE 1. Plant nematade genera and species knawn or suspected ta cause yield lass in rice and means of
spread

NEMATODES

FOUAR PARASITES
Aphelenchoides besseyi

Ditylenchus angustus
ROOT PARASITES

Criconemella onoensis
Heterodera elachista
H.oryzae
H. oryzicola
H. sacchari
Hirschmanniella belli
H. gracilis
H. imamuri
H. mexicana
H. mucronata
H.oryzae
H. spinicaudata
Hoplolaimus indicus
Meloidogyne graminicola
M. incognita
M. javanica
M. arenaria
M.oryzae
M. salasi
Paralongidorus australis
Pratylenchus brachyurus
P. indicus
P. sefaensis
P. zeae
Xiphinema ifacolum

RICE AFFECTED

Upland, Irrigated, Lowland & Deepwater

Lowland & Deepwater

Upland, Irrigated & Lowland
Upland & Irrigated
Upland & Irrigated
Upland & Irrigated
Upland & Irrigated
Irrigated, Lowland & Deepwater
Irrigated, Lowland & Deepwater
Irrigated, Lowland & Deepwater
Irrigated, Lowland & Deepwater
Irrigated, Lowland & Deepwater
Irrigated, Lowland & Deepwater
Irrigated, Lowland & Deepwater
Upland & Irrigated
Upland, Irrigated, Lowland & Deepwater
Upland & Irrigated
Upland & Irrigated
Upland & Irrigated
Irrigated
Irrigated
Upland & Irrigated
Upland
Upland
Upland
Upland
Upland

MEANS OF SPREAD

Seed, Stem & Panicles,
Sail
Stem & Panicles, Soil

Soil
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil & Roots
Soil
Soil & Roots
Soil & Roots
Sail & Roots
Soil & Roots
Soil

Nematodes of Rice

Many genera of parasitic nematodes are associated with rice, but not ail are of proven or potential
economic importance (Table 1). l'hey have diverse parasitic habits, but ail cause mechanical damage
and/or malfunctions of the physiological processes involved in plant development, resulting in poor
growth and yield loss. Sorne species cause damage in ail rice environments whilst others are more
restricted (Table 1). Nevertheless, rice nematodes can be conveniently divided into two groups
depending on their parasitic habits: the foliar parasites, feeding on stems, leaves and panicles; and
the root parasites.

Foliar Parasites

Aphelenchoides besseyi

Aphelenchoides besseyi is seed borne and causes the disease 'white tip'. Il is very widely distributed
and now occurs in most rice growing areas (Ou,1985).
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Symptoms
Susceptible plants can be symptomless but in general yield loss only occurs in plants showing sorne
symptoms. During early growth, the most conspicuous symptom is the emergence of the chlorotic
tips of new leaves from the leaf sheath (Fig. 1). These tips later dry and curl, whilst the rest of the
leaf may appear normal. The young leaves of infected tillers can be speckled with a white splash
pattern, or have distinct chlorotic areas. Leaf margins may be distorted and wrinkled but leaf sheaths
are symptomless (Plate 1C).

Viability of infected seed is lowered, germination is delayed (Tamura & Kegasawa, 1959b) and
diseased plants have reduced vigour and height (Todd & Atkins, 1958). Infected panicles are shorter,
with fewer spikelets and a smaller proportion of filled grain (Dastur, 1936; Yoshii, 1951; Todd &
Atkins, 1958).

In severe infections, the shortened f1agleaf is twisted and can prevent the complete extrusion of
the panicle from the boot (Yoshii & Yamamoto, 1950a; Todd & Atkins, 1958). The grain is small
and distorted (Todd & Atkins, 1958) and the kernel may be discoloured and cracked (Uebayashi et
al., 1976) (Fig. 2). Infected plants mature late and have sterile panicles borne on tillers produced
from high nodes.

Biology
When seed infected with A. besseyi is sown, the anabiotic nematodes rapidly become active and are
attracted to meristematic areas. During early growth, A. besseyi is found in low numbers within the
innermost leaf sheath, feeding ectoparasitically around the apical meristem (Yoshii & Yamamoto,
1950b; Goto & Fukatsu, 1952; Todd & Atkins, 1958). The main stem is frequently more infected
than subsequent tillers (Goto & Fukatsu, 1952). A rapid increase in nematode numbers takes place
at late tillering (Goto & Fukatsu, 1952) and is associated with the reproductive phase of plant growth
(Huang & Huang, 1972). Nematodes are able to enter spikelets before anthesis, within the boot,
and feed ectoparasitically on the ovary, stamens, lodicules and embryo (Dastur, 1936; Huang &
Huang, 1972). However, A. besseyi is more abundant on the outer surface of the glumes and enter
when these separate at anthesis (Yoshii & Yamamoto, 1950b). As grain filling and maturation
proceed, reproduction of the nematode ceases, although the development of 13 to adult continues
until the hard dough stage (Huang & Huang, 1972). The population of anabiotic nematodes is
predominantly adult female (Huang et al., 1979). These nematodes coil and aggregate in the glume
axis. More nematodes OCCllr in filled grain than in sterile spikelets (Yoshii & Yamamoto, 1950b)
and infected grain tends to occur more towards the middle of the panicle (Goto & Fukatsu, 1952).

A. besseyi is amphimictic (Huang et al., 1979) and males are usually abundant, however repro
duction can be parthenogenetic (Sudakova & Stoyakov, 1967). The optimum tempe rature for oviposi
tion and hatch is 30°C. At 30°C the life cycle is 10 ± 2 days and lengthens significantly at temperatures
< 20°C (Huang et al., 1972). No development occurs below BOC (Sudakova, 1968).

Races and pathotypes
Host races of A. besseyi are thought to exist although there is very !ittle evidence except that
strawberry plants are not infected by A. besseyi from chrysanthemum (Noegel & Ferry, 1963).
During several years of screening for resistance to A. besseyi in the USA (Cralley, 1952; 1954;
Atkins & Todd, 1959) the existence of pathotypes was not discussed as a problem. Differences in
susceptibility between years and locations were attributable to environmental factors.

Survival and dissemination
A. besseyi aggregate in the glume axis of maturing grain and slowly desiccate as kernel moisture is
lost. They becorne anabiotic and are able to survive for 8 months to 3 years after harvest (Cralley,
1949; Yoshii & Yamamoto, 1950b; Todd, 1952; Todd & Atkins, 1958). Survival is enhanced by
aggregation and a slow rate of drying (Huang & Huang, 1974), but the number (Yoshii & Yamamoto,
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Fig. 1. White tip symptoms on rice leaf caused by Aphelencho
ides besseyi.

Fig. 2. Necrotic lesions on rice seed endos perm caused by Aphelenchoides besseyi.
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1950b; Sivakumar, 1987a) and infectivity (Cralley & French, 1952) of nematodes is reduced as seed
age increases. lt is ironic that good seed storage conditions probably prolong nematode survival.

A. besseyi is not thought to survive long periods in soil between crops (Cralley & French, 1952;
Yamada et al., 1953) although anabiotic nematodes may survive on rice husks and plant debris.
Sivakumar (1987b) found A. besseyi reproducing on Curvularia and Fusarium in straw after harvest.

The principle dispersal method for A. besseyi is seed. The inadvertent dissemination of infected
seed must account for its world wide distribution. On a local scale A. besseyi can be transmitted in
flood water in lowland rice (Tamura & Kegasawa, 1958; Uebayashi & Imamura, 1972) but the
survival of nematodes in water decreases as temperature increases from 20° to 30°C (Tamura &
Kegasawa, 1958). High seeding rates in infected seed beds also facilitates local dispersal (Kobayashi
& Sugiyama, 1977).

Environmental factors affecting parasitism
A. besseyi is able to infect rice in most environments, but infection and damage is generally greater
in irrigated lowland and deep water than in upland. In Brazil, Silveira et al. (1977) found significantly
more infestations in irrigated rice than in upland, and in Japan infection was greater in flooded
conditions (Tamura & Kegasawa, 1959a).

A. besseyi is active and feeds at a relative humidity greater than 70% (Tikhanova, 1966) and
consequently, a high relative humidity during the reproductive phase of the crop is required for
migration into the panicle (Sivakumar, 1987b) and favours symptom development (Dastur, 1936).

Other hosts
The host range encompasses more than 35 genera of higher plants (Fortuner & Williams, 1975).
The wild annuai rice Oryza breviligulata A. Chev. & Roehr. and Oryza glaberrima Steud. are good
hosts. Other important hosts include sorne cornmon weeds of rice fields e .g. Cyperus iria L., Setaria
viridis Beauv. and Panicum sanguinale L. (Yoshii & Yamamoto, 1950b), and food crops such as
Dioscorea trifida L. (yam), Ipomoea batatas (sweet potato), Allium cepa L. (onion), Zea mays L.
(maize) and Colocasia esculenta L. (taro). In addition, many saprophytic and pathogenic fungi are
good hosts e.g. Altemaria spp., Curvularia spp.. Fusarium spp., Helminthosporium spp., Nigrospora
sp., Sclerospora sp. and Botrytis cinerea. Rao (1985) found that A. besseyi survived but did not
multiply on the rice blast fungus, Pyricularia oryzae, and Iyatomi and Nishizawa (1954) reported
that A. besseyi can feed and reproduce on the stem rot fungus Sclerotium oryzae.

Disease complexes
The involvement of A. besseyi in disease complexes is not widely researched. In Bangladesh, A.
besseyi occurs with Ditylenchus angustus (Timm, 1955) and Meloidogyne graminicola, but little is
known of their associations. In pot tests the effects of A. besseyi and M. graminicola on yield of
flooded rice were additive but M. graminicola infected plants had more A. besseyi/seed at harvest
than those with A. besseyi alone (Plowright, 1986).

A. besseyi appears to influence the symptom development of sorne fungal pathogens of rice.
Nishizawa (1953a) found that A. besseyi reduced the severity of Sclerotium oryzae (stem rot)
symptoms and Tikhanova and Ivanchenko (1968) observed that the deterioration of Pyricularia
oryzae (blast) infected leaves was accelerated by A. besseyi which reproduced in the blast lesions.
In both reports, the concomitant infection of the fungus and A. besseyi reduced yield more than
either organism separately. McGrawley et al. (1984) found that the S. oryzae disease rating and
population density of A. besseyi on rice cv Nova 76 was increased by concomitant infection of both
organisms and their effect on yield was synergistic. Symptom expression, yield loss and the population
dynamics of A. besseyi varied between rice cultivars.

Rice kernels infectcd by A. besseyi are predisposed to secondary infection by saprophytes such
as Enterobacter agglomerans which causes black, wedge-shaped spots on grain (Nishizawa, 1976;
Uebayashi et al., 1976)
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Economie importance and population damage threshold levels
A. besseyi is widely distributed because of its dissemination in seed, but its importance varies between
regions, countries and localities. Within a locality the incidence and severity of the disease can
change from year to year and is strongly influenced by cultural practises and local rice types.

Damage in a susceptible cultivar largely depends on the percentage of infested seed sown and
the number of A. besseyi/infested seed. With few exceptions, the former has rarely been determined
despite its importance in governing the number of infection loci in a field. GeneraUy, population
densities/seed number or weight are counted. Fukano (1962) determined an economic damage
threshold density (300 live nematodes/l00 seed) which provides a useful basis for damage prediction
since in many countries very little information on the CUITent pest status of A. besseyi exists.

Yield loss data for A. besseyi have been widely reported. In the 1950's typical figures for
susceptible cvs in the USA were 17.5%, 4.9% and 6.6% in different years (Atkins & Todd, 1959)
and 10-30% in Japan (Yamada & Shiomi, 1950; Yoshii & Yamamoto, 1950a; Yoshii, 1951). A.
besseyi has been controUed in the USA by seed treatment and resistant cvs and is no longer a pest
(HoUis & Keoboonrueng, 1984). A. besseyi also disappeared from Japan but has re-occurred, the
economic value of infected discoloured grain being reduced if infection exceeds 0.7% (Inagaki,
1985).

A. besseyi damage has been reported from deep water rice in Bangladesh. More than 50% of
fields are infected and the panicle weight of heavily infected plants (650 nematodes/lOO seed) was a
third that of less infected plants (112 nematodes/100 seed) (Rahman & McGeachie, 1982; Rahman
& Taylor, 1983). In contrast, local cultivars in Thailand appear to be tolerant of A. besseyi and no
symptoms have been observed despite widespread infection (Buangsuwon et al., 1971).

Economic loss in the Philippines has not been reported, but infection varies according to year,
season and cultivar (Madamba et al., 1974). Levels of infested seed are generaUy low (4.7-7% over
5 years) (Madamba et al., 1981) and severe damage is unlikely as high numbers of A. besseyi
(210-5300/100 seed) are not always associated with a high percentage of infested seed.

A. besseyi is thought to be an important pest in India. Rao (1976) reported severe symptoms in
the field, but accurate yield loss assessment is lacking. Muthukrishnan et al. (1974) observed that
plants sometimes recover after early severe damage and computed losses of 0.2-10%. Infestation
levels in Sri Lanka are not considered important (Lamberti & Ekanayake, 1980).

In Africa, A. besseyi is widespread, particularly in west and central Africa, Madagascar and the
Comoro Islands (Barat et al., 1969). White tip is very likely to be causing significant yield loss in
the mangrove swamp rice of Sierra Leone, where the widely grown cultivars are very susceptible to
A. besseyi (3000-10 000 A. besseyi/l00 seed) and the incidence and severity of the disease is increasing
(Fomba, 1984). Yield loss is also likely in Tanzania where levels of infested seed are very high
(2--82%) and average 68 A. besseyi/infested seed (Taylor et al., 1972), and in Madagascar where
Vuong (1969) considered that aU seed was infested above the Fukano (1962) threshold. A. besseyi
is not a problem in Zimbabwe (Anon., 1972) and Ghana (Addoh, 1971). In Nigeria, it is very
widespread but typical symptoms have not been observed. Infestation levels can be 2-400/100 seed
but are commonly < 100/100 seed (Babatola, 1984). In the USSR the yield loss of a susceptible
cultivar was 54%. A. besseyi infested seed (80%) gave rise to only 31 % damaged plants in the field
(Popova , 1984). Yield loss in central-west Brazil would seem unlikely with the infestation levels
(10-140/100 seed) given by Huang et al. (1977) unless grain has a high percent infestation.

Control measures
Preventing dispersal of A. besseyi req\Jires the elimination of nematodes from seed e.g. by hot water
or chemical seed treatments. Resistant cultivars and cultural methods have been used to reduce
infection below damage thresholds, and tolerant cultivars avoid yield loss without nematode control.
Stubble burning prevents transmission of A. besseyi in straw and chaff but would have to be used
in conjunction with other control measures.
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Hot water treatment
There are numerous references on the hot water treatment of rice seed (Cralley, 1949, 1952; Yoshii
& Yamamoto, 1950c, 1951; Todd & Atkins, 1958; Borovkova, 1967). The most effective control
requires seed to be pre-soaked in cold water for 18-24 hours, then immersed in water at 51-53°C
for 15 minutes. Higher temperatures (55-{)1°C for 10-15 min) are required if seed is not pre-soaked.
The temperature and duration of treatment must be closely monitored, and after treatment the seed
must be dried at 30-35°C or sun dried if stored, but otherwise can be sown directly in the field. For
quarantine purposes at the International Rice Research Institute, seed is soaked in cold water for
three hours followed by hot water at 52-57°C for 15 minutes.

Chemical
Various chemical seed treatments have been used e.g. organic mercury, nicotine sulphate, Parathion,
Systox, Malathion, mercuric chloride, methyl bromide, Fensulfothian, carbofuran, aldicarb and
methomyl. Good control (up to 100%) is often achieved using carbofuran (Martins et al., 1976;
Ribeiro, 1977). In India Rao et al. (1986a) reported 72% control using soil applications of carbofuran
and Lee et al. (1972) reported effective control by treating water or by root dipping with Diazinon
and Nemagon. A. besseyi control with phosphomidon and carbosulfore sprays has been reported
(Rao et al., 1986a) but pre-harvest chemical treatments alone are only partially effective (Aleksan
drova, 1981). No economic assessment of the use of chemical control for A. besseyi has been made.

Resistance and tolerance
Resistance to A. besseyi appears to be widespread. Cralley (1949) and Cralley and Adair (1949) first
reported variations in susceptibility of rice to A. besseyi and listed the cultivars Arkansas Fortuna,
Nira 43 and Bluebonnet as resistant. In the USA, A. besseyi has been controlled principally through
the use of resistant cultivars.

Resistance to A. besseyi has subsequently been reported from Japan (Nishizawa, 1953b; Yamada
et al., 1953; Goto & Fukatsu, 1956), Korea (Park & Lee, 1976), India (Rao et al., 1986), Brazil
(Oliveira & Ribeiro, 1980; Silveira et al., 1982), USSR (Popova et al., 1980) and Italy (Orsenigo,
1954). Resistance to A. besseyi is said to be genetically controlled and carried by the Japanese cv
Asa-Hi (Nishizawa, 1953).

Screening for resistance, based primarily on symptom expression, has commonly revealed symp
tomless but susceptible (i.e. tolerant) cultivars (Nishizawa, 1953; Goto & Fukatsu, 1956). Symptom
expression in the field was particularly variable (Atkins & Todd, 1959) and variations between plants
of a cultivar also oceur (Orsenigo, 1954). In Thailand, ail local cultivars are considered tolerant of
A. besseyi (Buangsuwon et al., 1971). These variations in part demonstrate the strong influence of
environment on A. besseyi development and damage.

Cultural
Irrigating seed beds (Yamada et al., 1953) or direct seeding into water (Cralley, 1956) reduces
infection. In these conditions nematodes emerge and lose vigour before seed germination. High
seedling rates in the seed bed (Kobayashi & Sugiyama, 1977) and high numbers of seedlings/hill
(Yamada et al., 1953) tend to increase infection by increasing the number of infection loci in the
field. Such problems are thought to be responsible for the re-occurrence of A. besseyi in Japan
(Inagaki, 1985). In the USA (Cralley, 1949) and Japan (Yoshi & Yamamoto, 1951; Yamada et al.,
1953) early planting presumably in cooler conditions reduced or eliminated A. besseyi infection.

Summary of control measures
1. Hot water treatment of seed. Probably the most effective and cheapest control measure.
2. Resistant or tolerant cultivars.
3. Early planting if rice season is preceded by a cooler period.
4. Low seed bed planting densities.
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Methods of diagnosis
Different sampling methods are used depending on the stage of crop growth. During early growth
and tillering, A. besseyi is found in the base of the culm and between leaf sheaths. For immediate
inspection plant tissue is carefully teased in water to release nematodes. Plant tissue can be stained
before examination which is particularly useful for detecting low numbers. Alternatively, A. besseyi
can be extracted from chopped tillers placed on a sieve, or directly in water.

During the reproductive phase A. besseyi is progressively found on or in developing spikelets
and peak numbers are found at fiowering. A. besseyi is recovered from spikelets and grain by soaking
a known number in water for 24-48 h at 25-30°C. Quantitative extraction requires that the glumes
are separated from the kernel yet remain in the extract. The percentage of infested seed is a useful
parameter, but extracting from individual seeds is time consuming. Better recovery is achieved from
hulled grain but extraction from unhulled grain is sufficient for detection of A. besseyi (e.g. for
quarantine) from a large seed sample.

Ditylenchus angustus

D. angustus the cause of 'ufra' (India) or 'Tiem Dot San' (Vietnam) occurs in Bangladesh, Burma,
India, Madagascar, Malaysia, Thailand and Vietnam, mainly in deepwater rice areas in major river
deltas on both deep water and lowland rice.

Symptoms of damage
During vegetative growth, symptoms of nematode damage are prominent white patches, or white
speckles in a splash pattern at the bases of young leaves (Fig. 3 & Plate lA). Brown stains may
develop on leaves and sheaths and later intensify to a dark brown colour; leaves inside such sheaths
may be wrinkled. Young leaf bases are twisted, leaf sheaths distorted, and the lower nodes can
become swollen with irregular branching (Fig. 4). After heading, infected panicles are usually
crinkled with empty, shrivelled glumes, especially at their bases; the panicle head and fiag leaf are
twisted and distorted (Fig. 5 & Plate lB). Panicles often remain completely enclosed within a swollen
sheath or only partially emerge (Fig. 6) (Butler, 1913; Hashioka, 1963; Vuong & Rabarijoela, 1968;
Cox & Rahman, 1980; Chakrabarti et al., 1985). Dark brown patches of ufra infected plants can be
observed in the field normally after panicle initiation (Plate ID).

Biology and Iife cycle
D. angustus is an ectoparasite, feeding on young, foliar tissues. Nematodes in water, invade rice
within one hour, but invasion varies with plant age - older plants being Jess easily invaded (Rahman
& Evans, 1988). In deep water rice seedlings, nematodes are found around the growing point but
in ail parts of the plant in lowlllnd rice. Nematodes are carried or migrate upwards to feed on newly
forming tissues enclosed in the rolled leaf sheaths. They accumulate and feed on the primordia of
the developing panicles and at harvest are coiled in a quiescent state mainly within the dried glumes
of the lower spikelets on each panicle, but not within the grains. Activity and infectivity is resumed
when water returns for the next rice crop. On deep water rice in Bangladesh, Butler (1913) assumed
that multiplication of D. angustus takes place between May, June and November with at least three
generations. The greatest infection of rice occurs in the temperature range 27 to 30°C (Butler, 1913,
1919; Hashioka, 1963; Vuong & Rabarijoela, 1968; Vuong, 1969).

Survival and means of dissemination
Between crops, D. angustus remains active in ratoons, volunteer or wild rice (Rathaiah, 1988) and
other hosts. It also survives in a desiccated state in crop residues, mainly panicles enclosed or
partially enclosed in leaf sheaths (Cox & Rahman, 1979b; Kinh, 1981). Nematodes can be reactivated
in water after 7-15 months (Butler, 1913) but may not remain infective. There is an "overwinter
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Fig. 3. White patches on rice leaf base caused by Ditylenchus angusUis.

Fig. 4. Twisting and distortion of leaf bases caused by Ditylen
chus angustus.
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Fig. 5. Twisling and distortion of rice panicles and flag leaf caused by Ditylenchus
angus/lis.

Fig. 6. Partial emergence of rice panicle due 10 Di/ylenchus
angus/us.
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decay" of D. angustus in crop residues between rice crops (Cod & Rahman, 1979b) and populations
rapidly decline after harvest.

Nematodes in flooded soil are inactive in less than 4 months (Butler, 1913) and probably lose
their infectivity in a much shorter period. However, infested soil dried for 6 weeks can produce ufra
disease symptoms two months after planting rice (Cuc, 1982b). Soil from around diseased plants
does not normally appear to produce the disease (Hashioka, 1963) and is a minor component in
disease transmission and nematode survival.

Most D. angustus die after a few days in water but survival for longer periods has been observed
(Butler, 1919). Nematode death appears to occur in water but even a relatively brief survival in
water would allow D. angustus to spread by water flow to infect new plants (Hashioka, 1963; Sein
& Zan, 1977). Long distance transmission in run off water, canals and rivers is possible. Nematodes
can migrate from diseased to healthy plants in water, and by stem and leaf contact under high
humidity (>75% R.H.) (Rahman & Evans, 1988).

D. angustus can be found inside filled and unfilled spikelets of freshly harvested rice but not in
dried seed from infected plants (Butler, 1919; Hashioka, 1963; Sein, 1977b; Cuc & Giang, 1982)
therefore dissemination in seed seems unlikely.

Environmental conditions atTecting parasitism
D. angustus is a parasite of deepwater, irrigated and lowland rice and requires at least 75% humidity
to migrate on the foliage. Ufra disease is most severe in the wettest years and in the wettest areas
of Bangladesh where the median rainfall exceeds 1.6 m (Cox & Rahman, 1980). In Vietnam, the
disease is most severe in months of high rainfall or in fields with high water levels (Cuc & Kinh,
1981).

Rosts of D. angustus
Hosts are mainly confined to wild and cultivated species of deepwater and lowland rice (O. sativa
var. fa tua, O. glaberrima, O. cubensis, O. officinalis, O. meyriana, O. latifolia, O. perennis, O.
eichingeri, O. alta, O. minuta) but Leersia hexandra has also been found to support populations of
the nematode (Hashioka, 1963; Vuong & Rabarijoela, 1968; Sein & Zan, 1977). Two other weeds,
Echinochloa colona and Sacciolepsis interrupta, have also been found to be infected (Cuc, 1982a).

Disease complexes
The ufra nematode can increase the N content of rice plants and thus the plants become more
susceptible to the plant pathogen Pyricularia oryzae (Mondai et al., 1986). Foliar brown spots
associated with the nematode could be secondary invasion sites for Fusarium and Cladosporium
fungi (Vuong, 1969).

Economie importance
Ufra has a restricted distribution because of the unique environmental requirements of the nematode.
It is often localized in a rice growing region and does not always occur in the same fields every year.
The woridwide and national yield losses caused by D. angustus are therefore seemingly low. In
Bangladesh, for example, an annual yield loss of 4% (20% yield loss over 20% of the area) has
been estimated on deepwater rice (Catling et al., 1979). However, when it does occur, it is one of
the most devastating of ail diseases affecting rice (Cox & Rahman, 1980).

D. angustus is a serious problem in Vietnam in the Mekong Delta. It can cause 50% to 100%
loss of deepwater, irrigated and lowland rice, and during 1974 hundreds of hectares of deepwater
rice in one Province were totally lost (Cuc & Kinh, 1981). During 198260 000 to 100 000 ha of rice
in the Mekong Delta were affected by D. angustus (Catling & Puckridge, 1984) and, in Dong Thap
Province, 10 000 ha were affected (Puckeridge, 1988). Hashioka (1963) estimated that 500 ha of
lowland rice in southern Thailand had yield losses of 20 to 90% caused by ufra. Rice in Assam and
West Bengal, India has been found infected with D. angustus with losses estimated at 10 to 30% in
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sorne areas (Pal, 1970; Rao et al., 1986b). In Bangladesh, 60-70% of low Iying areas covering about
200 000 ha are now infested with D. angustus (MondaI & Miah, 1987).

Serious yield losses can occur if transplanted rice seedlings are infected with D. angustus, even
at low initial percentage infection. Yield losses varying from 1.26 to 3.94 t/ha have been recorded
with 4 to 10% infected seedlings (MondaI et al., 1988).

Control measures
Many different measures to control D. angustus have been suggested, sorne practical, others less
feasible. Those likely to achieve the best results are destruction or removal of infested stubble and
straw, crop rotation, control of weeds and volunteer rice, control of water flow, varietal resistance,
and escape cropping.

Destruction or removal of infested stubble and straw
Burning of infested crop residues gives very effective control and has long been advocated (Butler,
1919). Thorough burning is essential, although it is not always possible where soil remains water
logged after harvest or when a large proportion of the straw is removed for other purposes, e.g. for
cattle fodder, leaving insufficient for effective burning (McGeachie & Rahman, 1983). Ploughing in
crop residues can reduce ufra as nematodes decline more rapidly in moist soil than in foliar remains
(Butler, 1919). This is not always possible and depends on local circumstances and soil conditions.

Crop rotation
Growing a non-host crop such as jute in rotation with deepwater rice can reduce the incidence of
ufra in fields where the rise of floodwater is not excessively fast (McGeachie & Rahman, 1983).
Lowland transplanted rice rotated with a non-host, mustard, is less affected by ufra than continuously
cultivated rice (Miah & Rahman, 1985).

Eliminating other hosts
Removal of volunteer and ratoon rice plants, wild rice and other host weeds will help prevent the
carry over of nematodes from one rice crop to the next (Hashioka, 1963; Sein & Zan, 1977).

Controlling water f10w
As nematodes can easily be spread in surface water, preventing river overflow into fields by improved
bunding or banks could be beneficial (Sein & Zan, 1977).

Resistance
A large number of deepwater and lowland rice cultivars have been tested against D. angustus. In
Vietnam, four high-yielding local improved breeding lines (IR9129-393-3-1-2, IR9129-169-3-2-2,
IR9224-117-2-3-1, IR2307-247-2-2-3) and three cys (BKN6986-8, CNL53, Jalaj) are described as
slightly infected (Kinh & Phuong, 1981; Kinh & Nghiem, 1982). A Burmese cv (B--69-1) from the
Irawaddy Delta was tolerant of ufra disease (Sein, 1977a), and a Thailand cv (Khao Tah Ooh) was
relatively less susceptible (Hashioka, 1963). Two CyS in West Bengal, India (IR36 and IET4094)
were also less susceptible (Chakrabarti et al., 1985). Complete resistance to D. angustus has been
found in a wild rice, Oryza subulata, and a deepwater cv, RD-I6-06 (Miah & Bakr, 1977b). The
Rayada group of deepwater rice lines show the most promise because of their strong resistance.
Nine Rayada lines are highly resistant to D. angustus in Bangladesh, and others showing moderate
resistance are CNL-319, BR306-B-3-2, BR308-B-2-2, Bazail 65 and Dalkatra (Rahman ,1987).
Improved cultivars couId become available to farmers in the near future (Anon., 1987).

The CyS Padmapani and Digha are not attacked by D. angustus in areas of India and Bangladesh.
It is suggested that they escape the disease because of their short growth duration (MondaI & Miah,
1987; Rathaiah & Das, 1987).
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Escape cropping
D. angustus survives for a limited period and lengthening the overwinter period can reduce primary
infection (Cox & Rahman, 1980; McGeachie & Rahman, 1983). This can be achieved with deepwater
rice by using short duration cultivars or late sowing and transplanting. Manipulation of rice cropping
patterns and cultivation techniques is a promising means of control (McGeachie & Rahman, 1983).

ChemicaJ
Chemicals such as carbofuran, mocap, hexadris monocrotophos, phenazine and benomyl have been
used with sorne success, but their high cost and difficulties of correct application make them
uneconomical and they have not been recommended for large scale field use.

The greatest reduction in nematode populations and disease incidence has been achieved with
carbofuran and benomyl, alone and in combination (Sein, 1977c; Miah & Bakr, 1977a; Cox &
Rahman, 1979a; Rahman et al., 1981; Miah & Rahman, 1985) but at rates which are generally
uneconomic.

Summary of control measures
The recommended control measures against D. angustus are broadly those put forward by the
Deepwater Rice Management Project (Anon., 1987): 1) thorough burning of crop residues to
eliminate ail infested stem terminais; 2) extending the overwintering period by delayed planting; 3)
the use of shorter duration cultivars. The use of resistant cultivars, when they becorne available,
should prove to be the most effective measure.

Methods of diagnosis
D. angustus is found in the foliage of growing plants (and crop residues) mainly near the growing
points of leaves and inflorescences and it is these portions of the plants that need to be sampled.
Pieces of plant about 5 mm long are cut longitudinally to expose the innermost young leaves.

Nematodes can be extracted from plant pieces placed in a smail container on a Baerrnann funnel
or smail tray with water and left for 24 hours or overnight before examining the suspension
(Chapter 2).

For immediate examination of material, the rolled leaves or young inflorescence can be teased
apart in a Petri dish of water and observed directly. Nematodes are active in fresh material but will
require sorne tirne to resume activity from dried panicles.

Root Parasites

Meloidogyne

Root-knot nernatodes, MeLoidogyne spp., have been found on rice in many countries. M. graminicoLa
is mainly distributed in the countries of S.E. Asia, Burma, Bangladesh, Laos, Thailand, Vietnam,
India, and is likely to occur in other countries of the region. A MeLoidogyne sp., probably M.
graminicoLa, is reported damaging rice in Hainan Island, China (Guo et aL., 1984). M. graminicoLa
has recently been found in the Philippines (Plowright, unpubl.) and has also been reported on rice
in the USA. It is a darnaging parasite on upland, lowland and deepwater rice. M. oryzae has only
been found in Surinam, S. America (Maas et al., 1978) on irrigated rice. Four species of MeLoidogyne
occur only on upland rice; M. incognita (Costa Rica, Cuba, Egypt, Ivory Coast, Nigeria, S. Africa
and Japan). M. javanica (Brazil, Egypt, Comoro Islands, Nigeria and Ivory Coast), M. arenaria
(Nigeria, Egypt and S. Africa) and M. saLasi (Costa Rica and Panama) (Lopez, 1984).
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Fig. 7. Characteristic hooked, root tip galls on rice caused by Meloidogyne
graminicola.

Symptoms
Ali Meloidogyne spp. cause swellings and galls throughout the root system. Infected root tips become
swollen and hooked, a symptom which is especially characteristic of M. graminicola and M. oryzae
(Fig. 7).

Above ground symptoms vary according to the type of rice and the species of Meloidogyne. In
upland conditions and shallow intermittently ftooded land all species can cause severe growth
reduction, unfilled spikelets, reduced tillering, chlorosis, wilting and poor yield (Babatola, 1984).
Symptoms often appear as patches in a field.

M. graminicola is known to cause serious damage to deepwater rice. Prior to ftooding, symptoms
are the typical stunting and chlorosis of young plants. When ftooding occurs, submerged plants with
serious root galling are unable to elongate rapidly, and do not emerge above the water level (Bridge
& Page, 1982). This causes death or drowning out of the plants leaving patches of open water in
the ftooded fields (Plate lE).

Biology and Iife cycle
The biology and life cycle of M. incognita and M. javanica on rice is similar to that described for
other crops. The life cycle of M. oryzae is four weeks at a mean temperature of noc (Segeren-Y.d.
Oever & Sanchit-Bekker, 1984). M. graminicola from Bangladesh has a very short life cycle on rice
of less than 19 days at temperatures of 22-29°C (Bridge & Page, 1982), and an isolate from the
USA completed its cycle in 23-27 days at 26°C (Yik & Birchfield, 1979). In India the life cycle of
M. graminicola is reported to be 26 to 51 days depending on time of year (Rao & Israel, 1973).
Females and egg masses of M. oryzae are completely embedded in root tissues and up to 50 females
can be present in a single gall (Segeren-Y.d. Oever & Sanchit-Bekker, 1984).

Infective, second stage juveniles of M. graminicola invade rice roots in upland conditions just
behind the root tip (Buangsuwon et al., 1971; Rao & Israel, 1973). Females develop within the root
and eggs are mainly laid in the cortex (Roy, 1976a). Juveniles can remain in the maternaI gall or
migrate intercellularly through the aerenchymatous tissues of the cortex to new feeding sites within
the same root (Bridge & Page, 1982). This behaviour appears to be an adaptation by M. graminicola



NEMATODE PARASITES OF RICE 83

to flooded conditions enabling it to continue multiplying within the host tissues even when roots are
deeply covered by water. Juveniles that migrate from rice roots in flooded soil cannot reinvade
(Bridge & Page, 1982).

Biologieal raees
Rice cultivars are susceptible to race 1 of M. arenaria and races 2 and 4 of M. incognita (Ibrahim
et al., 1983).

Survival and means of dissemination
M. incognita, M. javanica, M. arenaria and M. salasi are parasites mainly of upland rice and survive
in soil as eggs or juveniles, or on alternative hoSts. They do not survive long periods in flooded sail.
M. oryzae can survive in shallow flooded «10 cm) rice fields for rela:ively short periods (Segeren
V.d. Oever & Sanchit-Bekker, 1984) but M. graminicola is weil adapted to flooded conditions and
can survive in watedogged soil as eggs in eggmasses or as juveniles for long periods. Numbers of
M. graminicola decline rapidly after 4 months but sorne egg masses can remain viable for at least
14 months in waterlogged sail (Roy, 1982). M. graminicola can survive in soil flooded ta a depth of
1 m for at least 5 months (Bridge & Page, 1982), it cannot invade rice in flooded conditions but
quickly invades when infested soils are drained (Manser, 1968). Ali Meloidogyne spp. can be spread
in sail and on seedlings of other crop hasts planted to a field. Because M. oryzae and, especially,
M. graminicola are found in flooded rice there is the additional danger of dissemination in irrigation
and run-off water.

Hosts of Meloidogyne
M. incognita, M. javanica and M. arenaria have numerous hasts other than rice.

M. graminicola also has a wide hast range which includes many of the common weeds of rice
fields (Table 2). It is parasitic on bath the indica and japonica races of Oryza sativa (Manser, 1971).

TABLE 2. Hosts of Meloidogyne graminicola

Alopecurus sp.
A vena sativa L.
Beta vulgaris L.
Brachiara mutica (Forsk.) Stapf
Brassica juncea (L.) Czem. & Coss
B. oleracea L.
Colocasia esculenta (D.) Sehott
Cyperus procerus Rottb.
C. pulcherrimus Willd. ex Kunth
C. rotundus L.
Echinochloa colona (L.) Link
Eleusine indica (L.) Gaertn.
Fimbristylis miliacea (L.) Vahl
Fuirena sp.
Glycine max (L.) Meu.
Lactuca sativa L.
Lycopersicon esculentum Mill.

Monochoria vaginalis (Burm. f.) Presl
Oryza sativa L.
Panicum miliaceum L.
P. repens L.
Paspalum scrobiculatum L.
Pennisetum typhoides (Burm. f.) Stapf & Hubbard
Phaseolus vulgaris L.
Poa annua L.
Ranunculus sp.
Saccharum officinarum L.
Sorghum bicolor (L.) Moeneh
Sphaeranthus sp.
Sphenoclea zeylanica Gaertn.
Spinacia oleracea L.
Triticum aestivum L.
Vicia faba L.

Birehfield (1965); Manser (1971); Buangsuwon et al. (1971); Roy (1977); Yik & Birchfield (1979).

A number of weeds and crops are also alternative hasts of M. oryzae (Maas et al., 1978; Segeren
V.d. Oever & Sanchit-Bekker, 1984) and M. salasi (Lapez, 1984).
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Economie importance
M. incognita can cause poor seedling establishment and reduced yields in upland rice. Yields can
decrease to 60% when 8000 eggs and juveniles/dmJ of soil are present at sowing (Babatola, 1984).
Significant yield reductions can occur in both upland and irrigated rice with M. incognita (Ibrahim
et al., 1972) but damage is generally more severe under upland conditions (Fademi, 1984). Damage
to irrigated rice will occur where seedlings are raised in well-drained nursery soils. High initial soil
populations of both M. incognita and M. javanica are necessary to cause yield loss in rice, and
populations above 1000 eggs/plant are needed to reduce grain yieJd with M. javanica (Sharma, 1980).

M. graminicola can cause economic yield Joss in upland, lowland and deepwater rice. In upland
rice, there is an estimated reduction of 2.6% in grain yield for every 1000 nematodes present around
young seedlings (Rao & Biswas, 1973). The population levels which cause 10% loss in yield of
upland rice are 120, 250 and 600 eggs/plant at 10, 30 and 60 days age of plants in direct seeded
crops (Rao et al., 1986). In f100ded rice, damage by M. graminicola is caused in nurseries before
transplanting (Fig. 8) - the tolerance limit of seedlings is <1 J2/cmJ soil (Plowright & Bridge,
unpubl.). Damage also occurs prior to f100ding where rice is sown directly in weil drained soils.
Experiments have shown that 4000 juveniles/plant of M. graminicola can cause destruction of up to
72% of deepwater rice plants by drowning out. Losses as high as this in the field are unlikely as
natural root populations vary considerably (Bridge & Page, 1982).

Control measures
The recommended control of Meloidogyne on rice depends on the species. Flooding of soil even for
relatively short periods will control M. incognita, M. javanica and M. arenaria and probably M.
salasi, but continuous f100ding would be necessary for M. oryzae and M. graminicola. Increasing
soil fertility can compensate for sorne damage by the nematodes (Diomandé, 1984). Resistant
cultivars hold out the most promise for effective and economic control, and sorne resistance to the

Fig. 8. Meloidogyne graminicola root galls on rice
seedlings.
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different species has been found. Chemical control on the field scale is generally uneconomic
particularly with low yielding upland rice, but could be an economic proposition for nursery soils.

Flooding
M. incognita, M. javanica and M. arenaria are not important parasites of lowland rice except in
nursery seedlings, and can be controlled by f100ding where this is possible. Although M. oryzae can
survive sorne f1ooding, it can be controlled at depths greater than 10 cm (Segeren-V.d. Oever &
Sanchit-Bekker, 1984). It is mainly a problem in the elevated areas of f100ded rice fields where
levelling is poor. M. graminicola will survive normal f100ding but damage to the crop can be avoided
by raising rice seedlings in f100ded soils thus preventing root invasion by the nematodes (Bridge &
Page, 1982). Continuous f100ding is highly effective in controlling M. graminicola in Vietnam (Kinh
et al., 1982).

Resistance
A number of rice cultivars and breeding lines have been recorded as resistant to Meloidogyne species
although only a small number of these are truly resistant. Diomandé (1984) found that cultivars of
Oryza glaberrima were resistant to M. incognita. Generally cultivars of O. sativa were susceptible
although sorne improved cvs IRAT 109, IRAT 112, IRAT 133, IRAT 106 and a traditional cv CG
- 18 also showed tolerance. Rice cultivars IR 28, IR 459 and P24 are "resistant" to M. arenaria, M.
javanica and M. incognita (races 2,3 and 4), and A95, Giza 171 and Giza 172 are "resistant" to M.
incognita (race 3) and M. javanica (Ibrahim et al., 1983). The cultivars IR 20, Ikong Pao Faro 21
and 27 support low populations of M. incognita in Nigeria (Babatola, 1980; Fademi, 1987). The
majority of rice cultivars are susceptible to M. graminicola. For example, ail 80 cultivars tested in
Laos were found to be susceptible (Manser, 1971). However, there are a number of cultivars from
India, Thailand and USA which are reported to be resistant to M. graminicola (Table 3).

TABLE 3. Rice cultivars reported to be resistant, or only supporting low populations of M. graminicola

Khao Dok Ma Li 105
Arya 66
Rd,6
Rd,7
Rd,8
Rd,15
LA 110
Bonnet 73
Le Bonnet
Bellepatna
Toride 1
Magnolia
SS Starbonnet
Garem
Dumai
Bahagia

Farma
Dubaichenga
K 115
Jagannath
Endolia lahi
Basant Bahar
Prosadbhog
IR 33
IR 20
Jayanthi
Pankaj
Vijaya
Supriya
Hamsa
Monoharsali
Zenith

Roy (1973); Jena & Rao (1974, 1976); Prasad el al. (1979, 1986b); Yik & Birchfield (1979); Chunram (1981);
Rao et al. (1986).

Crop rotation
Certain crops are resistant or poor hosts of M. graminicola and could be used in rotation to reduce
nematode populations e.g. castor, cowpea, sweet potato, soybean, sunflower, sesame, onion, turnip,
Phaseolus vulgaris, jute and okra (Rao et al., 1986). Long rotations, greater than 12 months, will
be needed to reduce M. graminicola soil populations to low levels. Introducing a fallow into the
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rotation will also give control of the nematodes but, to be effective, it needs to be a bare fallow
free of weed hosts (Roy, 1978) and is therefore impractical in most circumstances. However, one
weed, Eclipta alba, is toxic to M. graminicola and could be grown and incorporated into the field
soil to kill the nematodes (Prasad & Rao, 1979b).

Soil amendments
The use of decaffeinated tea waste and water hyacinth compost has been suggested to control M.
graminicola (Roy, 1976b).

Chemicals
Seed treatments, root dips, soil drenches and soil incorporation have been tested in experimental
trials with varying success in India (Rao et al., 1986) but their practical and economic applicability
has not been determined. Carbofuran and diazinon have given effective control of M. graminicola
in Vietnam when applied to irrigation water (Kinh et al., 1982) but this means of application has
many dangers.

Diagnosis
The presence and populations of Meloidogyne in rice roots can be determined by standard root
staining techniques (Chapter 2). Root extractions will only isolate hatched juveniles and males, and
a combination of root maceration and staining of a known weight of roots can be'a more efficient
and practical way of determining populations of sedentary females within roots. Assessing the
severity of root damage by the amount of galling (root-knot index) is a practical and speedy method,
but can be difficult with rice. One useful rating system is to rate only the percentage of affected
large roots with the root tip gal1s characteristic of Meloidogyne on rice (Diomandé, 1984).

Hirschmanniella

A number of Hirschmanniella species, known col1ectively as rice root nematodes, are parasites of
rice. The most commonly recorded species is H. oryzae but there was a tendency in the early
literature for ail Hirschmanniella spp. found in rice roots to be grouped under the name H. oryzae
(Taylor, 1969). Seven species are reported to damage rice (H. belli, H. gracilis, H. imamuri, H.
mexicana [=H. caudaerena], H. mucronata, H. oryzae and H. spinicaudata) (Table 1), whilst a
further six species have been found in rice roots (H. kaverii, H. magna, H. nghetinhiensis, H. ornata,
H. shamimi, and H. thornei). Four species have been recorded from weeds in rice fields (H.
asteromueronata, H. furcata, H. obesa and H. truncata).

Symptoms of damage
There are no easily identifiable aboye-ground symptoms of nematode damage in the field. Retar
dation of growth rate occurs especially in early growth, with a decrease in tillering. Yellowing of
rice plants is observed occasionally (Plate IF), and fiowering can be delayed by up to 14 days. Roots
invaded by Hirschmanniella spp. turn yellowish brown and rot (Van der Vecht & Bergman, 1952,;
Kawashima & Fujinuma, 1965; Mathur & Prasad, 1972; Muthukrishnan et al., 1977; Fortuner &
Merny, 1979; Babatola & Bridge, 1979; Hol1is & Keoboonrueng, 1984; Khuong, 1987; Ichinohe,
1988).

Biology
Hirschmanniella species are migratory endoparasites of roots (Fig. 9). The nematodes produce
cavities and channels through the cortex which become necrotic for sorne distance into the root (Van
der Vecht & Bergman, 1952; Mathur & Prasad, 1972b; Lee & Park, 1975; Babatola & Bridge, 1980;
Hollis & Keoboonrueng, 1984).
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Fig. 9. Hirschmanniella oryzae female and eggs in rools of rice.
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Eggs of H. oryzae are deposited in the roots a few days after invasion and hatching occurs 4--(,

days after deposition (Van der Vecht & Bergman, 1952; Mathur & Prasad, 1972a). The life cycle
is of variable length. In north India, it is suggested there is only ane generation of H. oryzae a year
(Mathur & Prasad, 1972a); in Japan two generations (Kuwahara & Iyatomi, 1970; Ou, 1985); and
in Senegal three generations (Fortuner & Merny, 1979). In Java, the minimum duration of develop
ment from egg to adult is one month, with a multiplication rate of 13 per generation (Van de Vecht
& Bergman, 1952). Maximum root populations occur between tillering and heading of the rice crop
(Kuwahara & Iyatomi, 1970; Fortuner & Merny, 1979).

Survival and means of dissemination
H. oryzae survives between erops in weeds and other hosts (Table 4), in ratooning rice roots,
and in undecayed roots of rice stubble (Mathur & Prasad, 1973b; Feng, 1986; Ichinohe, 1988).
Hirschmanniella spp. can also survive in soil. They survive longer in roots than in soil but survival
of root populations is shorter in flooded soil due to the more rapid decay of roots. Populations of
H. oryzae decrease slowly in wet rice fields in the absence of a host, surviving for at least 7 months
(Park el al., 1970) and are eradicated after 12 months (Fortuner & Merny, 1979). In dry conditions,
survival is enhanced by quiescence (Fortuner & Merny, 1979) e.g. H. oryzae can survive for longer
than 12 months in soils that are not continually wet (Muthukrishnan el al., 1977). H. oryzae, H.
imamuri, and H. spinicaudala have also been shown to survive in anaerobic conditions over a wide
range af pH (Babatola, 1981). In fallow field soil, populations of H. oryzae can survive high
temperatures of 35-45°C and low temperatures of 8-12°C (Mathur & Prasad, 1973).

Hirschmanniella is spread in irrigation and flood water, and in soil adhering to implements and
field workers. Where there is a long history of rice cultivation, the nematodes are likely ta be
widespread. In Japan, for example, virtually every rice paddy is infested with either H. imamuri or
H. oryzae (Ichinohe, 1988). The nematodes are also disseminated to the field in roots of rice
seedlings from nurseries. Hirschmanniella spp. are unusual nematodes being perfectly adapted to
constant flooding (Forruner & Merny, 1979).
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Other hosts
Hirschmanniella spp. are parasites of a considerable number of rice field weeds (Van der Vecht &
Bergman, 1952) mainly of the families Cyperaceae and Gramineae (Table 4). Few cultivated crops
are hosts for H. oryzae in India (Mathur & Prasad, 1973b) however, sorne crop plants are hosts of
Hirschmanniella spp. (Babatola, 1979).

Disease complexes
Necrotic areas develop around nematodes as they migrate and feed on cortical tissues but diminish
as nematodes penetrate deeper into the roots. This suggests a phoretic relationship between the rice
root nematodes and soil micro-organisms, as necrosis does not occur at ail in the absence of these
organisms (Babatola & Bridge, 1980). Similarly, "root browning" of rice, caused mainly by soil
micro-organisms, is increased in the presence of H. oryzae (Lee & Park, 1975).

Economie importance
It is estimated that Hirschmanniella spp. infest 58% of the world's rice fields causing 25% yield
losses (Hollis & Keoboonrueng, 1984). However, there are discrepancies in yield loss estimates

. around the world and suggestions that yield reductions occurring in the presence of Hirschmanniella
are not always solely attributable to the nematodes. In Japan, for example, it has not always been
possible to demonstrate high correlations between nematode population levels and yield reductions
(Ichinohe, 1988). Similarly in Ivory Coast, where nematicide treatments against H. spinicaudata
increased rice yields by 20 to 53%, there was no significant correlation between yields and nematode
populations. The suggested explanation is that there is a bacteriological factor present which sup
presses both nematodes and rice yields (Cadet & Quénéhervé, 1982). Contrasting evidence in
Senegal in microplots has established that H. oryzae can cause a yield loss of 42% when fertilizers
are not applied, with nematode populations at harvest of 3200 to 6000 nematodes/dm3 of soil, and
5 to 30 nematodeslg root. Even when rice is grown in the best conditions with adequate fertilizers,
yield losses are 23%, with nematode populations at harvest of 1500 to 25OO/dm3 of soil and 90 to
410 nematodes/g root (Fortuner, 1974, 1977, 1985).

Experiments with Hirschmanniella spp. have established varying degrees of yield loss. Inoculations
of one and 10 H. oryzae/g soil caused 27% and 39.4% yield loss (Jonathan & Velayuthan, 1987)
and the numbers of panicles and grain weight were reduced by 16% and 32% respectively with a
population level of 1200 Hirschmanniella per plant (Yamsonrat, 1967). H. imamuri, H. oryzae and
H. spinicaudata reduced yields by 31-34.3% at population levels of 1000 nematodes per plant or
500 nematodes/dm3 of soil (Babatola & Bridge, 1979). The yield of plants inoculated with 5000 H.
mucronata/plant at one and 40 days was reduced by 50.6% and 45.6% respectively (Panda & Rao,
1971). H. oryzae populations of 100 per plant reduced grain yield by 35% (Mathur & Prasad, 1972b).
In microplots natural populations of 29 to 68 H. oryzae/5oo cm3 soil at transplanting reduced grain
weight by 13.8-19.2% (Venkitesan et al., 1979).

In Vietnam, economic damage by Hirschmanniella spp. occurs when 40 or more nematodes are
present in a rice hill one week after transplanting; equivalent after multiplication to 800 nematodes
per hill at heading (Khuong, 1987). Yield losses caused by Hirschmanniella spp. are influenced by
soil fertility (Fortuner & Merny, 1979), age of plant when infected (Panda & Rao, 1971), number
of crops and flooding (Khuong, 1987), and seasonal climatic conditions (Mathur & Prasad, 1972b).

Control measures
Control of Hirschmanniella spp. has been achieved or recommended by various practices, in particu
lar, fallow, weed control, use of "resistant" cultivars, rotation with non-host plants, chemical soil
treatment of nurseries and fields, and chemical root dipping and seed coating.
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Cultural practices
Yield losses due to Hirschmanniella spp. are greater in poor soils. It is, therefore, possible to reduce
yield losses by improving the nutritional status of the soil (Mathur & Prasad, 1972b).

Nematode populations decline in the absence of host plants but a considerable percentage can
survive depending on environmental conditions (Van der Vecht & Bergman, 1952; Mathur & Prasad,
1973; Muthukrishnan et al., 1977). Prolonged fallows might control Hirschmanniella but the evidence
suggests that fallows would need to be at least 12 months in wet conditions and longer in dry. They
would also need to be free of other crop and weed hosts. The management of weeds, which are
generally good hosts, will reduce nematode populations both in the absence of rice and during
growth of the crop.

Rotation of crops is not possible in continuous rice cropping, but is often normal practice where
a single wet season rice crop is followed by dry season crops. In fields with a single rice crop,
populations of Hirschmanniella, are always low in sorne localities (Khuong, 1987). This is due to a

TABLE 4. Hosts of Hirschmanniella spp. parasitic on rice

Weeds

Alternanthera sessilis R. Br
* Brachiaria ramosa (L.) Stapf
* Crogophora sp.
* Cyperus difformis L.

e. elatus L.
C. nutans Vahl

* e. iria L.
e. procerus Rottb.
e. pulcherrimus Willd. ex Kunth.
e. rotundus L.

* Echinochloa colona (L.) Link
* E. crus-galli (L.) Beauv.
* Eclipta alba (L.) Hassk.

Eichhornia erassipes (Mart.) Solms
* Eleocharis spiralis (Rottb.) Roem & Schult.
* Eleusine indica (L.) Gaertn.

Eragrostis pi/osa (L.) Beauv.)
* Fimbristylis ferruginea (L.) Vahl

F. globulosa (Retz.) O. Kuntze
F. miliacea (L.) Vahl

* Hydrolea zeylanica (L.) Vahl
lschaeum rugosum Salisb.
Leptochloa chinensis (L.) Nees
L. fascicularis (Lam.) A. Gray
Lindernia antipoda (L.) Alston
Ludwigia perennis L.
Mnesithia laevis (Retz.) Kunth

* Monochoria hastata (L.) Solms
M. vaginalis (Burm. f.) Presl
Nelumbo nucifera Gaertn.
Scirpus articulatus L.
Vallisneria spiralis L.

* Plants supporting high nematode populations

Crops

* Oryza sativa L.
Abelmoschus esculentus (L.) Moench.
Gossypium hirsutum L.
Lycopersicon eseulentum Mill.
Pennisetum typhoides (Burm. f.) Stapf & Hubbard
Saccharum officinarum L.
Triticum aestivum L.
Zea mays L.

Van der Vecht & Bergman (1952); Kawashima (1963); Yamsonrat (1967); Mathur & Prasad (1973b); Babatola
(1979); Mohandas, et al. (1979); Venkitesan et al. (1979); Razjivin et al. (1981); Edward et al. (1985); Khuong
(1987).
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combination of dry soil and non-host dry season crops such as cowpea, pigeon pea, soybean,
groundnut, sweet potato, sorghum, tobacco, finger millet, onion against H. oryzae, H. imamuri and
H. spinicaudata (Mathur & Prasad, 1973b; Babatola, 1979) and millet, cotton and wheat against H.
oryzae in India (Mathur & Prasad, 1973b). Any of these or other non-host crops in rotation with
rice should reduce the risk of Hirschmanniella damage, but their host status may vary with different
nematode species.

Two green manure legume crops, Sesbania rostrata and Sphenoclea zeylanica, can give good,
practical control with the additional benefit of increased soil nitrogen. The yield of rice following
Sesbania was increased by 214% in micro plots compared to repeated rice cropping. Sphenoclea can
give 99% control of Hirschmanniella spp., S. rostrata appears to act as a trap crop (Germani et al.,
1983), while S. zeylanica produces toxic plant exudates (Mohandas et al., 1981).

Other cultural measures to alleviate damage by Hirschmanniella spp. in Japan are (i) early
planting and (ii) direct sowing which both reduce initial infection (Sato et al, 1970; Nakazato et al.,
1964 quoted in Fortuner & Memy, 1979).

Resistance
The majority of rice cultivars tested are good hosts of Hirschmanniella spp. These include cultivars
from India, Korea, Japan, Nigeria, El Savador, Iraq, Ecuador, Thailand and Vietnam. In Korea,
all 270 cultivars tested were susceptible to H. oryzae, although six supported only low numbers
(Park et al., 1970). Cultivars supporting relatively low nematode numbers have been rated as
"resistant" (Table 5). Sorne of these could be truly resistant, such as cv. TKM9 to H. oryzae from
India (Ramakrishnan et al., 1984).

TABLE 5. Rice cultivars and breeding lines reported to supportlow populations of Hirschmanniella spp.

Annapurna
CR.52
CR. 320
CR.44-32
CR. 130--203
CR.294-548
CR. 142-3-2
CR.141-6058-1-35
CR.44-140--2-1051
Kao Paung Klang
Kao Paung
Kao Tah lue
Kao Yaun
Kao Klang Pee

Mtu.28
N.136
Ptb.27
RP.U55-128-1
Suwon 64
Tin Pakhia
TMK9
W.U3

Park el al. (1970); Ramakrishnan el al. (1984); Arayaungsarit el al. (1986); Rao et al. (1986).

Because of their widespread occurrence in rice fields, for example from ail locations in Thailand
(Yamsonrat, 1967) and virtually every rice paddy in Japan, it is possible that the rice cultivars which
now grow best in paddies are those which are relatively resistant to, or tolerant of, Hirschmanniella
spp. (Ichinohe, 1988).

Chemical
High yield increases have been achieved using chemicals against Hirschmanniella but there is little
indication that chemical control is economic or practical except in special circumstances (Ichinohe,
1972).

Most of the available chemicals with nematicidal action have been applied with varying success
against Hirschmanniella especially in India (Edward et al., 1985; Rao et al., 1986), also in Japan
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Fig. 10. Heterodera oryzicola cyst and white female emerging
from roots of rice.
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(Ichinohe, 1988), Thailand (Taylor, 1969) and Ivory Coast (Cadet & Quénéhervé, 1982). Chemical
control has been attempted by application ta field and nursery soil, as root dips for transplanted
seedlings, and for soaking seeds. In field soil, various methods of application have been tried
including soil incorporation, application in standing water, and "mud bail" application (Prasad et
al., 1986).

Heterodera

Four cyst-nematodes infect rice: H. oryzicola, H. elachista, H. oryzae and H. sacchari. H. oryzicola
is found only on upland rice in Kerala State, India (Rao & Jayaprakash, 1978) and H. elachista
specifically on upland rice in Japan (Okada, 1955). H. oryzae occurs on lowland rice in parts of
Ivory Coast, Senegal (Fortuner & Merny, 1979) and in Bangladesh (Page & Bridge, 1978). H.
sacchari occurs on upland and f100ded rice throughout western Africa. The Japanese Heterodera
sp., first referred to by Okada (1955), was attributed to H. oryzae until being described as H.
elachista by Ohshima (1974).

Symptoms
The symptoms of infection by each species are similar. Root growth is suppressed and infected roots
turn brown or black. Lemon shaped white females and brown cysts can be observed protruding from
infected roots (Fig. 10). Rice responds ta H. sacchari by the proliferation of secondary roots which
have a compensatary function (Babatola, 1983a) but generally the reduced size and function of cyst
nematode infected roots leads to leaf chlorosis and slowed plant growth and development, i.e.
stunting and reduced tillering. Seedlings are usually more vulnerable and J ayaprakash and Rao
(1984) have observed seedling death in patches heavily infested by H. oryzicola.

Biology
H. oryzicola and H. elachista are parasites of upland rice and H. sacchari is damaging only in upland
rice (Babatola, 1983a) although it is also found in flooded conditions. H. oryzae differs by its
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adaptation to flooding and second stage juveniles of H. oryzae can survive better in anaerobic than
in aerobic water (Reversat, 1975).

The biology is as described in Chapter 1. Females of H. oryzicola, H. elachista and H. oryzae
deposit many eggs into a large egg sac attached to the vulval cone. Juveniles in egg sacs hatch freely
in water but there is evidence that exudates from actively growing roots are required to stimulate
hatch from cysts of H. oryzicola (Jayaprakash & Rao, 1982b) and H. oryzae (Merny, 1966). These
differences in hatching behaviour indicate that ]2's from later generation egg sacs invade rice during
crop growth and that cysts are principally a means of survival. In contrast, H. sacchari rarely has
an egg sac and eggs hatch freely in water. H. sacchari also differs from the other rice cyst-nematodes
as it is a parthenogenetic triploid the others being amphimictic. The life cycle of each species is
complete in 24-30 days which allows multiple generations depending on the duration of the crop;
H. oryzicola is said to have twelve generations/year in continuous rice, while H. oryzae, H. elachista
and H. sacchari have 2-3 generations/crop (Berdon-Brizuela, 1969; Merny, 1966, 1972; Netscher,
1969; Netscher et al., 1969; Nishizawa et al., 1972; Shimizu, 1977; Jayaprakash & Rao, 1982a;
Sharma & Swarup, 1984)

Other hosts
H. oryzicola and H. oryzae have a narrow host range with many wild and cultivated Gramineae
being non-hosts (Merny & Cadet, 1978; Sharma & Swarup, 1984). H. oryzicola has sorne weed hosts
e.g. Cynodon dactylon and Brachiara sp. (Charles & Venkitesian, 1985), and sorne Cyperaceae e.g.
Mariscus umbellatus are hosts of H. oryzae (Merny & Cadet, 1978), strangely, banana is a host of
both nematodes (Taylor, 1978; Charles & Venkitesian, 1985). In this respect, H. sacchari is again
quite distinct as it has a wide host range, including many wild Cyperaceae and Gramineae indigenous
of W. African savannah and humid lowlands (Odihirin, 1975).

Economie importance
Because of their restricted distribution, cyst nematodes on rice are only of local importance. Watan
abe et al. (1963) noted that damage by H. elachista varied between years and this is likely to be true
for the other species as local climatic and edaphic factors, and cultural practises vary. Shimizu (1971)
considered that H: elachista was important in later growth (presumably grain filling and maturation)
and could decrease yield by 7-19%. In India, higher yield losses (17-42%) are attributed to H.
oryzicola (Kumari & Kuriyan, 1981). H. oryzae is a minor problem in Senegal and Ivory Coast and
is replaced by H. sacchari in mixed populations; its importance on rice crops in Bangladesh requires
assessment. Babatola (1983a) considered H. sacchari to be potentially important on rice in Nigeria.

Control
Exploiting the narrow host range of H. oryzicola, H. elachista and H. oryzae through rotation with
non-host crops is likely to be beneficial, e.g. rotation with soybean or sweet potato to control H.
elachista has given yield improvements of 2.8 to 3.7 fold (Nishizawa et al., 1972). Fumigation with
D-D (300 lIha) and to a lesser extent EDB, have also given effective control. Rice CyS vary in their
susceptibility to H. oryzae (Merny & Cadet, 1978), H. sacchari (Babatola, 1983b) and H. oryzicola
(Jayaprakash & Rao, 1983), but few have complete resistance. Unfortunately the CyS Lalnakanda,
CRI43-2-2 & TKM6, although resistant to H. oryzicola are susceptible to Meloidogyne graminicola
(Prasad et al., 1986).

Pratylenchus

Ten species of root lesion nematodes have been reported on rice throughout the world. The most
common are P. zeae, found in Africa, North and South America, Australia, S. and S.E. Asia and
Egypt, and P. brachyurus, reported from Africa, South America, Pakistan and the Philippines. They
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occur predominantly on upland rice and only P. zeae and P. indicus, a species found in India and
Pakistan, have been reported to cause damage.

Symptoms
There are no specific above-ground symptoms of infection by P. zeae (Plowright et al., 1990).
However, the leaves of 22 day old rice seedlings infected with P. indicus are said to yellow from
the tip, wilt and dry up (Rao & Prasad, 1977). Pratylenchus spp. cause discrete lesions in the root
cortex which become necrotic and coalesce as infection spreads. Root size and function is dilllinished,
growth rate (either tillering or shoot extension) is reduced and plants become stunted.

Biology
Population levels of P. indicus decline rapidly during the fallow periods and persist in low numbers
(Prasad & Rao, 1978a). P. zeae can survive in a cultivated clean fallow for up to 6 months (Plowright
et al., 1989). Weed hosts of P. zeae are Cynodon dactylon, Amaranthus spinosus, Dactylodenium
aegyptium, Digitaria sanguinalis and Echinochloa sp. (Fortuner, 1976).

Invasion by P. zeae takes place within one week of emergence, the life cycle being completed
in about 30 days. P. indicus completes a life cycle in 33-34 days and several overlapping generations
occur on a single crop (Prasad & Rao, 1982a). The optimum temperature for P. indicus reproduction
is 23-30°C and peaks of population are always immediately preceded by rainfall (Prasad & Rao,
1979a). During crop growth P. zeae is found mainly in rice roots and soil populations levels
are generally low. Plowright et al. (1990) found that the rate of P. zeae reproduction was greatest
after flowering and numbers increased toward grain maturity. P. zeae migrates into soil from
heavily infected necrotic roots. Pratylenchus spp. are readily disseminated in soil and infected root
materiaI.

Economie importance
Despite the prevalence of P. zeae in upland rice there is very !ittle information on its pest status.
Plowright et al. (1990) have shown that rice yield can be increased 13-29% by control of P. zeae
but sorne cultivars may be tolerant of infection. The maximum yield reduction in the field was 30%
with an infection of 1000 P. zeae/g of root at harvest and higher nematode densities at harvest will
not necessarily cause further yield loss. Martin (1972) reported that the growth of rice infected with
>500 Pratylenchus sp. (probably P. zeae)/g of root was poor and severely stunted plants had > 3500
nematodes/g of root. Prasad and Rao (1978b) found that the yield of rice cv BaIa was reduced by
33% at final population densities of P. indicus up to 1625/g of root. The data suggest that P. zeae
and P. indicus can cause yield loss in upland rice but further studies are required.

Control
P. zeae can be effectively controlled using chemicals e.g. carbofuran (Plowright et al., 1990).
However, chemical control is undesirable in upland rice and requires economic appraisaI. Control
through crop rotation has been reported using poor or non-host crops such as Vigna radia ta (L.)
Wilczek (Mung bean), Vigna mungo (L.) Hepper (black gram), Vigna unguiculata (L.) Walp
(cowpea), and Sesamum indicum, L. (sesame) (Prasad & Rao, 1978a). However, P. zeae has a wide
host range and many of the food crops (mainly cereals) in upland rice cropping systems are good
hosts (Table 6). Fallow periods of a practical length will reduce but not eliminate damage by P.
zeae to susceptible, intolerant cultivars.

Differences in susceptibi!ity of rice cultivars and accessions to P. zeae (Plowright & Matias,
unpubI.) and P. indicus (Prasad & Rao, 1982b) have been found but no useful field resistance
has yet been identified. Upland rice cultivars appear to differ in their tolerance of P. zeae
(Plowright et al., 1990) if this is a reliable and hereditable trait then it will be useful for alleviating
yield loss.
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TABLE 6. Sorne important hosts of Pratylenchus zeae

Oryza sativa L.
O. glaberrima Steud
O. breviligulata A. Chev & Roechr.,
Eleusine coracana (L.) Gaertn
Sorghum bicolor (L.) Moench
Zea mays L.
Triticum aestivum
Avena sativa L.
Hordeum vulgare L.
Secale cereale L.
Amaranthus sp.

Vigna unguiculata L. (Walp)
Lycopersicon esculentum Mill
Ipomoea batatas (L.)
Glycine max (L.) Merr
Arachis hypogaea L.
Saccharum spp.
Solanum tuberosum L.
Allium cepa L.
Lactuca sativa L.
Nicotiana tabacum L.
Gossypium spp.

Other nematodes

Many nematodes, in addition to those already discussed, are found with rice (Fortuner & Memy,
1979), but few of these are reported to be associated with damage and are probably of limited or
local importance.

Criconemella and Criconema

Criconemella spp. (c. curvata, C. obtusicaudata, C. onoensis, C. ornata, C. palustris, C. rustica, C.
sphaerocephala) and Criconema erassianulatum occur on upland and flooded rice in various areas of
the world (Fortuner & Memy, 1979; Fortuner, 1981; De Waele & van den Berg, 1988), but only
C. onoensis has been shown to be harmful (HoUis & Keoboonrueng, 1984). C. onoensis is known
to occur on rice in U.S.A., Guinea, Ivory Coast, Mauritius, Surinam, Belize and India (Luc, 1970;
Maas, 1970; Baqri, 1978; HoUis & Keoboonrueng, 1984; Chinappen et al., 1989).

In flooded rice fields, C. onoensis causes no obvious symptoms but, in pot tests, the presence of
210 nematodes/dm3 of soil can cause severe stunting and yeUowing of plants (HoUis, 1977). Parasitized
main and secondary roots are stunted with lesions near club-shaped root tips. C. onoensis is ectopara
sitic, feeding on or near root tips of both flooded and upland rice. In West Africa, C. palustris is
more common than C. onoensis in flooded rice (Luc, 1970; Memy, 1970).

Dissemination of C. onoensis could result from transportation of infested soil and certainly by
irrigation water in flooded rice. Survival is insured by the presence of several permanent weed hosts
belonging to the Cyperaceae and Gramineae such as Cynodon dactylon, Paspalum hydrophilum,
Cyperus iria, C. esculentus, C. haspan, C. articulatus, Fimbristylis milacea, Fuirena sp., Eleocharis
spp. (HoUis, 1972a, b; HoUis & Joshi, 1976). Rice supports only low population densities because
of root decay caused by earlyLnematode attack (Hollis, 1977). .

Aggressive Cyperaceae weeds are very susceptible to C. onoensis and may proliferate in the
absence of the nematode. Thus chemical control of the nematode is effective only if rice fields are
weeded. Hand removal is uneconomic and the combined use of nematicides and herbicides may be
harmful to rice. However, the nematicide Furadan can be satisfactorily combined with herbicides
containing the active ingredient 3,4 dichloro-propionanilide (HoUis & Keoboonrueng, 1984). The
increase of rice yield after weeding and treatment with phenamiphos is about 17% (Hollis, 1977).

In Louisiana, C. onoensis decreased rice production in 1967 by 15% (HoUis et al., 1968), and C.
onoensis may be harmful to f100ded rice in Mauritius (Chinappen et al., 1989).

Hoplolaimus indicus

A number of lance nematodes (Hoplolaimus spp.) are found on upland rice but only H. indicus, a
migratory endoparasite, is reported to be damaging. H. indicus is a parasite of rice only in India.
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Fig. Il. Roots damaged by Paralongidorus ausrralis com
pared to healthy rice roots (Photo. Graham Stirling).
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Damage by H. indicus is not always obvious in the field and, in the early seedling stage, is very
similar to nitrogen deficiency. Leaves of seedlings infected by H. indicus are yellowish before turning
brown and brittle with ash coloured tips. Plants are stunted with shortened upper internodes, new
leaves can be curled. The symptoms can be less apparent in the latter stage of the crop (Banerji &
Banerji, 1966; Das & Rao, 1970). Rice roots have brown lesions at invasion points. Cavities can be
found in the cortex, ce Ils lose their rigidity, vascular elements become distorted and roots become
flaccid (Das & Rao, 1970; Ramana & Rao, 1975; Alam el al., 1978).

There are few studies of the yield losses caused by H. indicus in the field, but, in pot experiments,
initial population levels of 100-10 000 nematodes per plant can reduce numbers of tillers by
21.5-36.0% and reduce grain yields by 10.7-19.8% (Ramana & Rao, 1978).

Paralongidorus

Two species of Paralongidorus have been recorded on flooded rice: P. oryzae occurs in Nepal and
India (Verma, 1973) but no data are available concerning its relationship with rice. P. auslralis is
locally important along the Burdekin River, N. Queensland, Australia (Stirling & Vawdrey, 1984).

In the field, P. auslralis causes poor growth, mainly in rice planted du ring the summer. The first
symptoms appear 7 to 10 days after ftooding and develop into patches of stunted yellow plants of
which many may die (Plate 10). Primary roots show brown necrotic tips, sometimes hooked or
curled; secondary roots are shorter than normal, often with a forked appearance. The root system
is severely reduced (Fig. 11), attacked roots being 1 to 5 cm long vs 15 to 20 cm in healthy plants
(Stirling & Channon, 1986). Experimentally inoculating rice seedlings with 250 to 900 nematodes
per plant produces symptoms of damage (Stirling, 1984). P. auslralis is an unusually long species,
the smallest juveniles being 2-5 mm long and the adults often reaching 10 mm (Stirling & McCulloch,
1985). This inhibits movement in relatively dry or even fine-grained wet soils and restricts full activity
to ftooded conditions (Stirling, 1986). The nematode is able to survive in micro-aerobic and anaerobic
soils. The life cycle is long, lasting three to four rice crops i.e. about two years (Stirling & Shannon,
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Xiphinema
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1986) with most of the active population in the top 25 cm of the soil. Optimal temperature for
nematode development is 22-30°C.

After harvest, the nematodes move deeper as the soil dries and become anabiotic. They can
survive at least 14 months resuming activity when the soil is flooded (Stirling, 1986). Being limited
to flooded rice fields in a relatively narrow area, and with no other known host, the risk of
dissemination of this nematode is low.

Control can be achieved by increasing the rate of nitrogenous fertilizer in combination with deep
ploughing (> 40 cm) or by changing to moist cultivation rather than flooded in order to inhibit
nematode movement (Stirling & Shannon, 1986). Control by dry fallow is effective but not normally
appropriate because P. australis can remain anabiotic for several years. Crop rotation with maize,
sorghum or soybeans may be a preferable substitute to fallow. No resistance has been found.

X. bergeri is very common in flooded rice fields of Senegal, Ivory Coast and Gambia (Fortuner &
Merny, 1973), and appears to be widespread in Western Africa; X. rotundatum has occasionally
been found in Ivory Coast (Merny, 1970).

Several species of Xiphinema have been recorded from the rhizosphere of upland rice: X. insigne
and X. orbum in India, X. nigeriense and X. oryzae in Nigeria, X. seredouense in Guinea, and X.
cavenessi in Ivory Coast. None of these species are known to be harmful. However, Lamberti et al.
(1988) daim that X. ifacolum is pathogenic on upland rice in Liberia.

Tylenchorhynchus

Tylenchorhynchus spp. are very common in upland, lowland and deepwater rice throughout the
world. They have been found infecting rice in central and South America, Africa, the Middle East,
India, S. E. Asia, Malaysia and Australia. Tylenchorhynchus annulatus (syn. martini) has the widest
distribution, other less commonly reported species are T. claytoni, T. mashoodi, T. elegans, T.
crassicaudatus, T. clarus, T. nudus and T. brassicae. T. annulatus can be pathogenic to rice in pot
culture and damage is accentuated by an aggregation phenomenon known as 'swarming' (Joshi &
Hollis, 1976). However, none of the above species have been consistently shown to cause damage
to rice in the field.

Helicotylenchus and Caloosia

Helicotylenchus spp. are common on upland rice and H. abunaamai has been observed feeding
ectoparasitically on rice roots (Fadhi & Das, 1984). Similarly, Caloosia heterocephala feeds ectopara
sitically on upland rice roots and can arrest their apical growth (Rao & Mohanadas, 1976).

Conclusions and future prospects

Most rice nematodes are potentially damaging but their economic importance is strongly influenced
by the environment. With sorne widespread nematodes, such as A. besseyi, the damage they cause
is not proportional to their distribution; for others, such as Hirschmanniella spp., yield losses are
probably underestimated. The damage caused by D. angustus can be devastating, but it has a limited
distribution and its occurrence is unpredictable. Furtherrnore, as new rice cultivars are bred and
regional cropping practises change, nematodes may emerge to be even more important. An ominous
example of this is the spread of D. angustus from its traditional host, deepwater rice, to the more
widely grown and globally important irrigated and lowland rice. Other new nematode problems are
surfacing, e.g. Paralongidorus at present only damaging in Australia. This genus could be more
widespread on rice and may have avoided detection as it is difficult to isolate.
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Control of rice nematodes poses a number of problems, primarily because measures to control
one nematode may increase the damage caused by another. This complicates the recommendation
of cultural methods for nematode control on rice and other crops in a rice cropping system, e.g.
fiooding reduces or eliminates populations of Pratylenchus, Hoplolaimus, Heterodera, and most
Meloidogyne spp., but encourages Hirschmanniella spp. Significant reductions in populations of
Hirschmanniella attacking rice and in soi! populations of Meloidogyne spp. damaging vegetables,
can be achieved where irrigated or lowland rice is rotated with upland vegetable crops. However,
this same system would increase damage and yield loss to rice by M. graminicola. An accurate
knowledge of the species present in a field is thus an important prerequisite for investigating such
control methods. Chemical control of rice nematodes will rarely be economic or efficient, and the
dangers and difficulties of applying nematicides in fiooded rice are self-evident. In fiooded soils,
sulphur dioxide, produced by anaerobic bacteria, could be used as a form of nematode control and
preliminary trials have proven the efficacy of such phenomena (Jacq & Fortuner, 1979). The difficulty
is that rice seedlings may also be killed. More research on this and other simi!ar techniques could
be beneficial but requires the cooperation of nematologists, agronomists and soil microbiologists.
Cultivars with resistance or tolerance to nematodes hold out the most promise for acceptable and
economic control of rice nematodes. There is sorne information on the variations in the susceptibility
of rice cultivars to most rice nematodes but essentially very little is known about the mechanisms
and inheritance of resistance. Progress is being made with sorne of the important rice nematodes,
but a coordinated international effort is required by nematologists, agronomists and plant breeders
to identify and transfer resistance to commercially acceptable rice cultivars.

Acknowledgements

We wish to acknowledge ail those who have helped us in preparing this chapter, with particular
thanks to Dr. Loothfar Rahman of the Bangladesh Rice Research Institute. Sorne of the work was
done as part of a rice nematode project (R3804) funded by the U.K. Overseas Development
Administration.

References

Addoh, P. G. (1971). The distribution and economic importance of plant parasitic nematodes in Ghana, Ghana
Journal of Agricultural Science, 4: 21-32.

Alam, M. M., Saxena, S. K. & Khan, A. M. (1978). Suitability of crops to certain ectoparasitic nematodes. Acta
Botanica Indica, 6 (Suppl.): 205-208.

Aleksandrova, 1. V. (1981). [Decontamination of seed rice from Aphelenchoides besseyi Christie by combined
treatment with chemical and irradiation.] Byulleten Vsesoyuznogo Instituta Gel'mintologii im. K.
1. Skryabina, 31: 105.

Anon. (1972). Report of the Secretary for agriculture for the period Ist October 1970 to 30 September 1971.
Salisbury Rhodesia: 26.

Anon. (1987). Deep Water Rice Pest Management Project. Recognition of Ufra Disease. International Rice
Research Institute, Government of India and West Bengal.

Arayaungsarit, L., Panpitpat, R. & Puttirut, N. (1986). Reaction of rice varieties to root nematode
Hirschmanniella spp. in the field. International Rice Research Newsleuer, 11: 14-15.

Atkins, J. G. & Todd. E. H. (1959). White tip disease of rice. III. Yield tests and varietal resistance.
Phytopathology, 49: 189-191.

Babatola, J. O. (1979). Varietal reaction of rice and other food crops to the rice-root nematodes, Hirschmanniella
oryzae, H. spinicaudata and H. imamuri. Nematropica, 9: 123-128.

Babatola, J. O. (1980). Reactions of sorne rice cultivars to the root·knot nematode, Meloidogyne incognita.
Nematropica, 10: 5-9.



98 PLANT PARASITIC NEMATODES IN SUBTROPICAL & TROPICAL AGRICULTURE

Babatola, J. O. (1981). Effect of pH, oxygen and temperature on the activity and survival of Hirschmanniella
spp. Nematologica, 27: 285-291.

Babatola, J. O. (1983a). Pathogenicity of Heterodera sacchari on rice. Nematologia mediterranea, 11: 21-25.
Babatola, J. O. (1983b). Rice cultivars and Heterodera sacchari. Nematologia mediterranea, 11: 103-105.
Babatola, J. O. (1984). Rice nematode problems in Nigeria; their occurrence, distribution and pathogenesis.

Tropical Pest Management, 30: 256-265.
Babatola, J. O. & Bridge, J. (1979). Pathogenicity of Hirschmaniella oryzae, H. spinicaudata and H. imamuri

on rice. Journal of Nematology, 11: 128-132.
Babatola, J. O. & Bridge, J. (1980). Feeding behaviour and histopathology of Hirschmanniella oryzae, H.

imamuri and H. spinicaudata on rice. Journal of Nematology, 12: 48-53.
Banerji, S. N. & Banerji, D. K. (1966). Occurrence of the nematode Hoplolaimus indicus in West Bengal.

Current Science, 35: 597-598.
Baqri, Q. H. (1978). Nematodes from West Bengal (India). VI. Species of Criconematoidea (Tylenchida). Indian

Journal of Nematology, 8: 116-121.
Barat, H., Delassus, M. & Huu-Hai-Vuong. (1969). The geographical distribution of white tip disease of rice in

tropical Africa and Madagascar. In: Peachey, J. E. (Ed.) Nematodes of Tropical Crops. Technical
Communication Commonwealth Bureau of Helminthology, No. 40: 269-273.

Berdon, B. R. & Merny, G. (1964). Biologie d'Heterodera oryzae Luc & Berdon, 1961. 1. Cycle du parasite et
réactions histologiques de l'hôte. Revue de Pathologie végétale et d'Entomologie agricole de France,
43: 43-53.

Birchfield, W. (1965). Host parasite relations and host range studies of a new Meloidogyne species in Southern
USA. Phytopathology, 55: 1359-1361.

Biswas, H. & Rao, Y. S. (1971). Toxicological assays of nematicides with rice nematodes. Indian Phytopathology,
24: 159-165.

Borovkova, A. M. (1967). [Aphelenchoides besseyi in the USSR and its control.] In: Sveshnikova, N. M. (Ed.)
[Nematode diseases of crops.] Moscow: Izdatelstvo "Kolos": 153-157.

Bridge, J. & Page, S. L. J. (1982). The rice root-knot nematode, Meloidogyne graminicola, on deep water rice
(Oryza sativa subsp. indica.). Revue de Nématologie, 5: 225-232.

Buangsuwon, D., Tonboon-ek, P., Rujirachoon, G., Braun, A. J. & Taylor, A. L. (1971). Nematodes. In: Rice
Diseases and Pests of Thailand, English edition: 61-67.

Butler, E. J. (1913). Diseases of rice. Agricultural Research Institute, Pusa, Bulletin 34, 37 p.
Butler, E. J. (1919). The rice worm (Tylenchus angustus) and its control. Memoirs of the Department of Agriculture

in India. Botanical Series, 10: 1-37.
Cadet, P. & Queneherve, P. (1982): Action des nématicides en rizière inondée contre Hirschmanniella

spinicaudata. Revue de Nématologie, 5: 93-102.
Catling, H. D. & Puckridge, D. W. (1984). 'Report on a visit to Vietnam, October, 1983. Deepwater Rice,: 3-4.
Catling, H. D., Cox, P. G., Islam, Z. & Rahman, L. (1979). Two destructive pests of deep water rice - yellow

stem borer and ufra. ADAB News, 6: 16-21.
Chakrabarti, H. S., Nayak, D. K. & Pal, A. (1985). Ufra incidence in summer rice in West Bengal. International

Rice Research Newsletter, 10 (1): 15-16.
Charles, J. S. & Venkitesan, T. S. (1985). New hosts of Heterodera oryzicola Rao & Jayaprakash, 1978, in

Kerala, India. Indian Journal of Nematology, 14: 181-182.
Chinappen, M., Lamberti, F., Ciancio, A. & Jokhun, P. (1989). Losses caused by concomitant infestation of

Criconemella onoensis and Helicotylenchus dihystera on upland rice in Mauritius. Nematologia
mediterranea, 16 (1988): 175-177.

Chunram, C. (1981). Progress report on the root-knot nematode studies in Thailand. Proceedings of the 3rd
Research Planning Conference on Root-knot nematodes, Meloidogyne spp., Region VI, July
20-24, 1981, Jakarta, pp. 97-103.

Cox, P. G. & Rahman, L. (1979a). Synergy between benomyl and carbofuran in the control of ufra. International
Rice Research Newsletter, 4 (4): 11.



NEMATODE PARASITES OF RICE 99

Cox, P. G. & Rahman, L. (1979b). The overwinter decay of Ditylenchus angustus. International Rice Research
Newsletter, 4 (5): 14.

Cox, P. G. & Rahman, L. (1980). Effects of ufra disease on yield loss of deep water rice in Bangladesh. Tropical
Pest Management, 26: 410-415.

Cralley, E. M. (1949). White tip of rice. Phytopathology, 39: 5.
Cralley, E. M. (1952). Control of white tip of rice. Arkansas Farm Research, 1: 6.
Cralley, E. M. (1954). Controlling white tip of rice. Arkansas Farm Research, 3: 8.
Cralley, E. M. (1956). A new control measure for white tip. Arkansas Farm Research, 5: 5.
Cralley, E. M. & Adair, C. R. (1949). Rice diseases in Arkansas in 1948. Plant Disease Reporter, 33: 257-259.
Cralley, E. M. & French, R. G. (1952). Studies on the control of white tip of rice. Phytopathology, 42: 6.
Cuc, N-t. T. (1982a). New weed host of rice stem nematode identified in Vietnam. International Rice Research

Newsletter, 7 (3): 15.
Cuc, N-t. T. (1982b). Field soil as a source of rice stem nematodes. International Rice Research Newsletter, 7

(4): 15.
Cuc, N-t. T. & Giang, L. T. (1982). Relative humidity and nematode number and survival in rice seeds.

International Rice Research Newsletter, 7 (4): 14.
Cuc, N-t. T. & Kinh, D. N. (1981). Rice stem nematode disease in Vietnam. International Rice Research

Newsletter, 6 (6): 14-15.
Das, P. K. & Rao, Y. S. (1970). Life history and pathogenesis of Hoplolaimus indicus in rice. Indian

Phytopathology, 23: 459-464.
Dastur, J. F. (1936). A nematode disease of rice in the Central Provinces. Proceedings of the Indian Academy

of Sciences, Section B. 4: 108-121.
De Waele, D. & van den Berg, E. (1988). Nematodes associated with upland rice in South Africa, with a

description of Hemicycliophora oryzae sp.n. (Nemata: Criconematoidea). Revue de Nématologie,
11: 45-51.

Diomandé, M. (1984). Response of upland rice cultivars to Meloidogyne species. Revue de Nématologie, 7: 57-63.
Edward, J. c., Sharma, N. N. & Agnihothrudu, V. (1985). Rice root nematode (Hirschmanniella spp.) - A

review of the work done in India. Current Science, 54: 179-182.
Fademi, O. A. (1984). Influence of rate and time of carbofuran application to control root-knot nematodes in

upland rice. International Rice Research Newsletter, 9 (6): 22-23.
Fademi, O. A. (1987). Resistance of sorne rice varieties to the root-knot nematode (RKN) Meloidogyne incognita.

International Rice Research Newsletter, 12 (1): 11.
Fend, R. Z. (1986). [A preliminary study on the distribution, occurrence and fluctuation of rice root nematodes.]

Journal of Guangxi Agricultural College, 2: 57-62.
Fomba, S. N. (1984). Rice disease situation in mangrove and associated swamps in Sierra Leone. Tropical Pest

Management, 30: 73-81.
Fortuner, R. (1974). Evaluation de dégats causés par Hirschmanniella oryzae (Van Breda de Haan, 1902) Luc

& Goodey, 1963, nématode endoparasite des racines du riz irrigué. L'Agronomie tropicale,
Nogent, 29: 708-714.

Fortuner, R. (1976). Pratylenchus zeae. C. 1. H. Descriptions of Plant-parasitic Nematodes. Set 6, No. 77.
Fortuner, R. (1977). Fertilization du riz et dégats causés par le nématode Hirschmanniella oryzae (Van Breda

de Haan) Luc & Goodey. Procès-verbal de la Séance du 1er Juin, 1977, Académie d'Agriculture
de France, 58: 624-630.

Fortuner, R. (1981). Les nématodes associés au riz pluvial en Côte d'Ivoire. L'Agronomie tropicale, Nogent, 36:
70-77.

Fortuner, R, (1985). Nematode damage assessment problems and solutions for a rice nematode: Hirschmanniella
oryzae. California Plant Pest and Disease Report, 4: 2-7.

Fortuner, R. & Merny, G. (1973). Les nématodes parasites des racines associés au riz en Basse-Casamance et
en Gambie. Cahiers de l'ORSTOM, Série Biologie, 21: 3-20.

Fortuner, T. & Merny, G. (1979). Root-parasitic nematodes of rice. Revue de Nématologie, 2: 79-102.
Fortuner, R & Orton Williams, K. J. (1975). Review of the Iiterature on Aphelenchoides besseyi Christie, 1942,



100 PLANT PARASITIC NEMATODES IN SUBTROPICAL & TROPICAL AGRICULTURE

the nematode causing "white tip" disease in rice. Helminthological Abstracts. Series B. Plant
Nematology, 44: 1-40.

Fukano, H. (1962). [Control method against rice white tip disease] Nogyo oyobi Engei, 37: 689--692.
Germani, G., Reversat, G. & Luc, M. (1983). Effeet of Sesbania rostrata on Hirschmanniella oryzae in flooded

riee. Journal of Nematology, 15: 269-271.
Goto, K. & Fukatsu, R. (1952). [Studies on white tip of rice plant eaused by Aphelenchoides oryzae Yokoo. II.

Number and distribution of the nematode on the affeeted plants.] Annals of the Phytopathological
Society of Japan, 16: 57--60.

Goto, K. & Fukatsu, R. (1956). [Studies on the white tip of rice plant. III. Analysis of varietal resistance and
its nature.] Bulletin of the National Institute of Agricultural Sciences, Tokyo. Series C. Plant
Pathology and Entomology, No. 6: 123-149.

Guo, Y. Y., Zhou, N. S., Wu, T. T. & Qiu, H. L. (1984). [An investigation and study on riee root-knot
nematode on Hainan Island.] Guangdong Agricultural Science (Guangdong Nongye Kexue), No.
4: 32-34.

Hashioka, Y. (1963). The rice stem nematode Ditylenchus angustus in Thailand. F. A. O. Plant Protection
Bulletin, 11: 97-102.

HoUis, J. P. (1969). Genesis of a soil nematode problem in Louisiana rice. International Rice Commission
Newsleuer, 18: 19-28.

Hollis, J. P. (1972a). Nematieide-weeds interaction in rice fields. Plant Disease Reporter, 56: 42G-424.
HoUis, J. P. (1972b). Competition between rice and weeds in nematode control tests. Phytopathology, 62: 764.
HoUis, J. P. (1977). Loss in yield of riee caused by the ring nematode Criconemoides onoensis revealed by the

elimination of the yellow nutsedge, Cyperus esculentus. Nematologica, 23: 71-78.
HoUis, J. P. & Joshi, M. M. (1976). Weed effect on ehemical control of ring nematodes in rice. Annual

Proceedings of the American phytopathological Society, 1975: 44-45.
HoUis, J. P. & Keoboonrueng, S. (1984). Nematode Parasites of Riee. In: Nickie, W. R. (Ed.) Plant and Insect

Nematodes. New York & Basel, Marcel Dekker: 95-146.
HoUis, J. P., Embabi, M. S. & Alhassan, S. A. (1968). Ring nematode disease of rice in Louisiana.

Phytopathology, 58: 728-729.
Huang, C. S. & Huang, S. P. (1972). Bionomics of white-tip nematode, Aphelenchoides besseyi in rice florets

and developing grains. Botanical Bulletin of Academia Sinica, 13: 1-10.
Huang, C. S. & Huang, S. P. (1974). Dehydration and the survival of rice White Tip nematode Aphelenchoides

besseyi. Nematologica, 20: 9--18.
Huang, C. S., Cupertino, F. P. & Marinelli, N. M. (1977). Incidence of white-tip nematode, Aphelenchoides

besseyi, in stored rice seed from Central-West Brazil. PANS, 23: 65--67.
Huang, C. S., Huang, S. P. & Chiang, Y. C. (1979). Mode of reproduction and sex ratio of rice white-tip

nematode, Aphelenchoides besseyi. Nematologica, 25: 244-260.
Huang, C. S., Huang, S. P. & Lin, L. H. (1972). The effect of temperature on development and generation

period of Aphelenchoides besseyi. Nematologica, 18: 432-438.
Ibrahim, 1. K. A., Ibrahim, 1. A. & Rezk, M. A. (1972). Pathogenicity of certain parasitic nematodes on rice.

Alexandria Journal of Agricultural Research, 20: 175-181.
Ibrahim, 1. K. A., Rezk, M. A. & Khalil, H. A. A. (1983). Resistance of sorne plant cultivars to root-knot

nematodes, Meloidogyne spp. Nematologia mediterranea, 11: 189-192.
Ichinohe, M. (1972). Nematode diseases of rice. In: Webster, J. M. (Ed.) Economie Nematology, London, U.

K., Academic Press: 127-143.
Ichinohe, M. (1988). CUITent research on the major nematode problems in Japan. Journal of Nematology, 20:

184-190.
Inagaki, H. (1985). The plant parasitic nematodes important in Japan and the related researches. JARQ, 18:

194-201.
Iyatomi, K. & Nishizawa, T. (1954). [Artificial culture of the strawberry nematode, Aphelenchoides fragariae,

and the rice white-tip nematode Aphelenchoides besseyi.] Japanese Journal of Applied Zoology,
19: 8-15.



NEMATODE PARASITES Of RICE 101

Jacq, V. & Fortuner, R. (1979). Biological control of rice nematodes using sulphate reducing bacteria. Revue de
Nématologie, 2: 41-50.

Jayaprakash, A. & Rao, Y. S. (1982a). Life history and behaviour of the cyst nematode, Heterodera oryzicola
Rao and Jayaprakash, 1978 in rice (Oryza sativa L.). Proceedings of the Indian Academy of
Sciences, Animal Sciences, 91: 283-295.

Jayaprakash, A. & Rao, Y. S. (1982b). Hatching behaviour of the cyst-nematode Heterodera oryzicola. Indian
Journal of Nematology, 12: 40Q-402.

Jayaprakash, A. & Rao, Y. S. (1983). Reaction of rice cultivars against the cyst nematode, Heterodera oryzicola.
Indian Journal of Nematology, 13: 117-118.

Jayaprakash, A. & Rao, Y. S. (1984). Cyst nematode, Heterodera oryzicola and seedling blight fungus Sclerotium
rolfsii disease complex in rice. Indian Journal of Nematology, 14: 58-59.

Jena, R. N. & Rao, Y. S. (1974). Root-knot nematode resistance in rice. Indian Journal of Genetics and Plant
Breeding, 34: 443-449.

Jonathon, E. 1. & Velayutham, B. (1987). Evaluation of yield loss due to rice root nematode Hirschmanniella
oryzae. International Nematology Network Newsletter, 4: 8-9.

Joshi, M. M. & HoUis, J. P. (1976). Pathogenicity of Tylenchorchynchus martini swarmers to rice. Nematologica,
22: 123-124.

Kakuta, T. (1915). [On black grain disease of rice.] Journal of Plant Protection, Tokyo, 2: 214-218.
Kawashima, K. (1963). [Investigations on Hirschmannia oryzae. 1. Varietal susceptibility to the nematode. II.

Susceptibilities of weeds to the nematode. III. Durable effect of fungicides.] Annual Report of
Society Plant Protection, North Japan, 14: 111, 112-113, 158-159.

Khuong, N. B. (1987). Hirschmanniella spp. in rice fields of Vietnam. Journal of Nematology, 19: 82-84.
Khush, G. S. (1984). Terminology for rice growing environments. In: Terminology for rice growing environments.

International Rice Research Institute, Los Banos, Philippines: 5-10.
Kinh, D-n. (1981). Survival of Ditylenchus angustus in diseased stubble. International Rice Research Newsletter,

6 (6): 13.
Kinh, D-n. & Nghiem, N-t. (1982). Reaction of rice varieties to stem nematodes in Vietnam. International Rice

Research Newsletter, 7 (3): 6-7.
Kinh, D-n. & Phuong, Cod (1981). Reaction of sorne deepwater rice varieties to Ditylenchus angustus.

International Rice Research Newsletter. 6 (6): 6-7.
Kinh, D-n, Huong, N. M. & Ut, N. U. (1982). Root-knot disease of rice in the Mekong Delta, Vietnam.

International Rice Research Newsletter, 7 (4): 15.
Kobayashi, Y. & Sugiyama, T. (1977). [Dissemination and reproduction of white tip nematodes Aphelenchoides

besseyi in mechanical transplantation rice culture.] Japanese Journal of Nematology, 7: 74-77.
Kumari, U. & Kuriyan, K. J. (1981). Cyst nematode, Heterodera oryzicola, on rice in Kerala. 1. Estimation of

loss in rice due to H. oryzicola infestation, in field conditions. Indian Journal of Nematology,
11: 106.

Kuwahara, M. & Iyatomi, K. (1970). Studies on the bionomics of the rice root nematode Hirschmanniella
imamuri Sher and Hirschmanniella oryzae (Soltwedel) Luc and Goodey, with special reference
to its mode of life and population dynamics. Japanese Journal of applied Entomology and Zoology,
14: 117-121.

Lamberti, F. & Robini, K. E. (1980). Importance of plant parasitic nematodes in Sri Lanka and recommendations
for control measures and future work. The second Asian symposium on plant diseases in the
tropics, Bangkok: 144.

Lamberti, F., Bleve-Zacheo, T., Tuopay, D. K., Ciancio, A. & Boibi, J. B. (1988). Relationships between
Xiphinema ifacolum and rice in Liberia. Nematologia mediterranea, 15 (1987): 303-314.

Lee, Y. B. & Park, J. S. (1975). [Influence of rice root nematode (Hirschmanniella oryzae) on the root browning
of rice. Korean Journal of Plant Protection, 14: 35-36.

Lee, Y. B., Park, J. S. & Han, S. C. (1972). [Studies on the chemical control of white tip nematode,
Aphelenchoides besseyi Christie, before transplanting.] Korean Journal of Plant Protection, 11:
37-40.



102 PLANT PARASITIC NEMATODES IN SUBTROPICAL & TROPICAL AGRICULTURE

Lopez, R. (1984). Meloidogyne salasi sp.n. (Nematoda: Meloidogynidae), a new parasite of rice (Oryza sativa
L.) from Costa Rica and Panama. Turrialba, 34: 275-286.

Luc, M. (1970). Contribution à l'étude du genre Criconomoides. Cahiers de l'ORSTOM, Série Biologie, 11:
69-131.

Maas, P. W. (1970). Tentative list of plant parasitic nematodes in Surinam, with description of two new species
of Hemicycliophorinae. Bulletin van het Landbouwproefstation Suriname, No. 87, 9p.

Maas, P. W. T., Sanders, H. & Dede, J. (1978). Meloidogyne oryzae n.sp. (Nematoda: Meloidogynidae) infesting
irrigated rice in Surinam (South America). Nematologica, 24: 305-311.

Madamba, C. P., Sukit, V. & Adamo, J. A. (1974). Incidence of plant parasitic nematodes associated with rice
grown in the Philippines. Proceedings. International Rice Research Conference, 1974, International
Rice Research Institute, Los Banos, Philippines,: 4.

Madamba, C. P., Sukit, V., Ong. E. T. & Sevilla, N. C. (1981). Incidence of plant parasitic nematodes associated
with rice grown in the Philippines. The Philippine Agriculturist, 64: 231-236.

McGrawley, E. c., Rush, M. C. & HoUis, 1. P. (1984). Occurrence of Aphelenchoides besseyi in Louisiana rice
seed and its interaction with Sclerotium oryzae in selected cultivars. Journal of Nematology, 16:
65-68.

Manser, P. D. (1968). Meloidogyne graminicola a cause of root knot of rice. FAO Plant Protection Bulletin, 16:
11.

Manser, P. D. (1971). Notes on the rice root knot nematode in Laos. FAO Plant Protection Bulletin, 19: 138-139.
Martin, G. C. (1972). Rhodesia. A nematode affecting rice. FAO Plant Protection Bulletin, 20: 40-41.
da Martins, J. F., Goncalo, J. F. P. & Lordello, L. G. E. (1976). Tratamento quimico de sementes de arroz

visando a erradicacao do nematoide Aphelenchoides besseyi. 0 Solo, 68: 58-61.
Mathur, V. K. & Prasad, S. K. (1972a). Embryonic development and morphology of larval stages of the rice

root nematode, Hirschmanniella oryzae. Indian Journal of Nematology, 2: 146-157.
Mathur, V. K. & Prasad, S. K. (1972b). Role of the rice root nematode, Hirschmanniella oryzae in rice culture.

Indian Journal of Nematology, 2: 158-168.
Mathur, V. K. & Prasad, S. K. (1973a). Control of Hirschmanniella oryzae associated with paddy. Indian Journal

of Nematology, 3: 54-60.
Mathur, V. K. & Prasad, S. K. (1973b). Survival and host range of the rice root nematode, Hirschmanniella

oryzae. Indian Journal of Nematology, 3: 88-93.
McGeachie, I. & Rahman, L. (1983). Dfra Disease: A review and a new approach to control. Tropical Pest

Management, 29: 325-332.
Memy, G. (1966). Biologie d'Heterodera oryzae Luc & Berdon, 1961. II. Rôle des masses d'oeufs dans la

dynamique des populations et la conservation de l'espèe. Annales des Epiphyties, 17: 445-449.
Merny, G. (1970). Les nématodes phytoparasites des rizières inondees en Côte d'Ivoire. 1. Les espèces observées.

Cahiers de l'ORSTOM, Serie Biologie, 11: 3-43.
Memy, G. (1972). Les nématodes phytoparasites des rizières inondées de Côte d'Ivoire. III. Etude sur la

dynamique des populations de deux endoparasites: Hirschmanniella spinicaudata et Heterodera
oryzae. Cahiers de l'ORS TOM, Série Biologie, 16: 31-87.

Merny, G. & Cadet, P. (1978). Penetration of juveniles and development of adults of Heterodera oryzae on
different plants. Revue de Nématologie, 1: 251-255.

Miah, S. A. & Bakr, M. A. (1977a). Chemical control of ufra disease of rice. PANS, 23: 412-413.
Miah, S. A. & Bakr, M. A. (1977b). Sources of resistance to ufra disease of rice in Bangladesh. International

Rice Research Newsleuer, 2 (5): 8.
Miah, S. A. & Rahman, M. L. (1985). Severe ufra outbreak in transplanted rice in Bangladesh. International

Rice Research Newsleuer, 10 (3): 24.
Mohandes, c., Rao, Y. S. & Sahu, S. C. (1981). Cultural control of rice root nematodes (Hirschmanniella spp.)

with Sphenoclea zeylandica. Proceedings of the Indian Academy of Sciences (Animal Sciences),
90: 373-376.

Mondai, A. H. & Miah, S. A. (1987). Dfra problem in low Iying areas of Bangladesh. International Rice Research
Newsletter, 12 (4): 29-30.



NEMATODE PARASITES OF RICE 103

Mondai, A. H., Rahman, L., Ahmed, H. J. & Miah, S. A. (1986). The causes of increasing blast susceptibility
of ufra infected rice plants. Bangladesh Journal of Agriculture, 11: 77-79.

Mondai, A. H., Rahman, M. L. & Miah, S. A. (1988). Yield loss due to transplanting of ufra infected seedlings.
Bangladesh Journal of Botany, 18 (in press).

Muthukrishnan, T. S., Rajendran, G. & Chandrasekara, J. (1974). Studies on the white tip nematode of rice
Aphelenchoides besseyi in Tamil Nadu. Indian Journal of Nematology, 4: 188-193.

Muthukrishnan, T. S., Rajendran, G., Ramamurthy, V. V. & Chandrasekaran, J. (1977). Pathogenicity and
control of Hirschmanniella oryzae. Indian Journal of Nematology, 7: 8-16.

Netscher, C. (1969). L'ovogenèse et la reproduction chez Heterodera oryzae et H. sacchari (Nematoda:
Heteroderidae). Nematologica, 15: 10-14.

Netscher, c., Luc, M. & Memy, G. (1969). Description du mâle d'Heterodera sacchari Luc & Merny, 1963.
Nematologica, 15: 156-157.

Nishizawa, T. (1953a). [On the relation between the rice nematode disease 'white tip' and the stem-rot of rice
plants.] Annals of the Phytopathological Society of Japan, 17: 137-140.

Nishizawa, T. (1953b). [Studies on the varietal resistance of rice plants to the rice nematode disease "Senchu
shingare byo" (VI).] Bulletin of the Kyushu Agricultural Experimental Station, 1: 339-349.

Nishizawa, T. (1976). [Occurrence of abnormal rice kernels associated with the infestation of white tip nematode,
Aphelenchoides besseyi.] Japanese Journal of Nematology, 6: 73-79.

Nishizawa, T., Shimizu, K. & Nagashima, T. (1972). Chemical and cultural control of the rice nematode,
Heterodera oryzae Luc et Berdon Brizuela, and hatching responses of the larvae to sorne root
extracts. Japanese Journal of Nematology, 2: 27-32.

Noegel, K. A. & Perry, V. G. (1963). A foliar disease of Chrysanthemum incited by the strawberry summer
crimp nematode. Proceedings of the soil crop science Society of Florida, 22nd Annual Meeting
(1962); 162-166.

Odihirin, R. A. (1975). Occurrence of Heterodera cyst nematode (Nematoda: Heteroderidae) on wild grasses in
southern Nigeria. Occasional Publication, Nigerian Society for Plant Protection, 1: 24-25.

Ohshima, Y. (1974). Heterodera elachista n.sp., an upland rice cyst nematode from Japan. Japanese Journal of
Nematology, 4: 51-56.

Okada, T. (1955). On morphological characters of the upland rice nematode, Heterodera sp. Annual Meeting of
the Japanese Society of applied Entomology and Zoology, 1955: 11.

Oliveira, J. V. & Ribeiro, A. S. (1980). Estudo do nematoide Aphelenchoides besseyi Christie, em arroz irrigado.
Lavoura Arrozeira, 33: 40-43.

Orsenigo, M. (1954). Suscettibilita di varieta Italiane di riso alla malattia della "white-tip". Annali della Facolta
di Agraria Universita Cattolica de/S. Cuore, Mi/ano, 51: 1-7.

Ou, S. H. (1985). Rice Diseases (2nd Edition). Kew, England, Commonwealth Mycological Institute, 380 p.
Padhi, N. N. & Das, S. N. (1984). Sorne aspects of the ecological behaviour of Helicotylenchus abunaamai

Siddiqi, 1972. Indian Journal of Nematology, 14: 25-29.
Page, S. L. J. & Bridge, J. (1978). Plant nematodes on deep water rice in Bangladesh. Ministry of Overseas

Development, U. K. Report on visit to Bangladesh, 48p.
Pal, A. K. (1970). Survey on nematode infection of paddy and successful treatment with hexadrin. Proceedings

of the Indian Science Congress Association, 57: 496.
Panda, M. & Rao, Y. S. (1971). Evaluation of losses caused by the root-nematodes (Hirschmanniella mucronata

Das) in rice (Oryza sativa L.) Indian Journal of Agricultural Science, 41: 611--614.
Park, J. S. & Lee, J. O. (1976). Varietal resistance of rice to the white-tipped nematode Aphelenchoides besseyi.

International Rice Research Newsletter, 1: 15.
Park, J. S., Han, S. C. & Lee, Y. B. (1970). [Studies on the ecology and feeding preference of Hirschmanniella

oryzae.] Research Reports of the Office of Rural Development, Korea, Plant Environment, 13:
93-98.

Plowright, R. A. (1986). The interaction of Aphelenchoides besseyi and Meloidogyne graminicola on rice cv.
IR36. 18th International Symposium of European Society of Nematologists, Antibes: 24.



104 PLANT PARASITlC NEMATODES IN SUBTROPICAL & TROPICAL AGRICULTURE

Plowright, R. A., Matias, D., Aung, T. & Mew, T. W. (1990). The effect of Pratylenchus zeae on upland rice.
Revue de Nématologie (in press).

Popova, M. B. (1984). [Principal factors detennining the intensity and pathogenicity of Aphelenchoides besseyi
infestation on rice.] Byulleten' Vsesoyuznogo Instituta Gel'mintologii im. K. 1. Skryabina, No.
36: 39-41.

Popova, M. B. & Chizhov, V. N. (1984). [Method for inoculating Aphelenchoides besseyi Christie, 1942.]
Byulleten Vsesoyuznogo Instituta Gel'mintologii im. K. 1. Skryabina, No. 36: 42-44.

Popova, M. B., Andrusenko, V. V. & Korsakova, L. A. (1980). [Degree of resistance of rice varieties to
Aphelenchoides besseyi Christie, 1942.] Byulleten Vsesoyuznogo Instituta Gel'mintologii im. K.
I. Skryabina (Fitogel'mintologiya), No. 26: 43-49.

Prasad, J. S. & Rao, S. Y. (1978a). Influence of crop rotations on the population densities of the root lesion
nematode Pratylenchus indicus in rice and rice soils. Annales de Zoologie et Ecologie animale,
10: 627-634.

Prasad, J. S. & Rao, S. Y. (1978b). Potentiality of Pratylenchus indicus the root lesion nematode as a new pest
of upland rice. Annales de Zoologie et Ecologie animale, 10: 635-640.

Prasad, J. S. & Rao, Y. S. (1979a). Factors influencing the prevalence of the root-lesion nematode, Pratylenchus
indicus, Das 1960 in rice. Revue d'Ecologie et de Biologie du Sol, 16: 517-523.

Prasad, J. S. & Rao, Y. S. (1979b). Nematicidal properties of the weed Eclipta alba Hask (Compositae). Revista
di Parasitologia, 50: 87-90.

Prasad, J. S. & Rao, Y. S. (1982a). Studies on the life cycle of Pratylenchus indicus, the root lesion nematode
in rice. Oryza, 19: 209-211.

Prasad, J. S. & Rao, Y. S. (1982b). Screening of sorne rice cultivars against the root lesion nematode, Pratylenchus
indicus. Nematologia mediterranea, 10: 215-216.

Prasad, K. S. K., Krishnappa, K. & Rao, Y. S. (1979). Response of sorne improved rice varieties to the
development and reproduction of Meloidogyne graminicola Golden and Birchfield, 1965. Mysore
Journal of Agricultural Sciences, 13: 6û-62.

Prasad, J. S., Panwar, M. S. & Rao, Y. S. (1986a). Chemical control of the root nematode (Hirschmanniella
mucronata) in rice. Beitrage zur Tropischen Landwirtschaft und Veterinarmedizin, 24: 65-69.

Prasad, J. S., Panwar, M. S. & Rao, Y. S. (1986b). Screening of sorne nce cultivars against the root knot
nematode Meloidogyne graminicola. Indian Journal of Nematology, 16: 112-113.

Prasad, J. S., Panwar, M. S. & Rao, Y. S. (1986c). Reaction of sorne rice cultures to root-knot and cyst
nematodes. Oryza 23: 59-61.

Puckeridge, D. W. (1988). DWR in S. Vietnam, July, 1988. Deepwater Rice, 14: 6-7.
Rahman, M. L. (1987). Source of ufra-resistant deep water rice. International Rice Research Newsletter, 12 (1):

8.
Rahman, M. L. & Evans, A. A. F. (1988). Studies on host-parasite relationships of rice stem nematode,

Ditylenchus angustus (Nem,atoda: Tylenchida) on rice, Oryza sativa, L. Nematologica (in press).
Rahman, M. L. & McGeachie, 1. (1982). Occurrence of white tip disease in deepwater rice in Bangladesh.

International Rice Research Newsletter, 7 (5): 15.
Rahman, M. L. & Taylor, B. (1983). Nematode pests associated with deepwater rice in Bangladesh. International

Rice Research Newsletter, 8 (5): 20-21.
Rahman, M., Sharma, B. R. & Miah, S. A. (1981). Incidence and chemical control of ufra in boro fields.

International Rice Research Newsletter 6 (2): 12.
Rajendran, G., Muthukrishnan, T. S. & Balasubramanian, M. (1977). Rice varieties of the white tip nematode.

International Rice Research Newsletter, 2 (2): 3.
Ramakrishnan, S., Varadharajan, G. & Sutharsan, P. D. (1984). TKM9 is resistant to rice-root nematode.

International Rice Research Newsletter, 9 (5): 20.
Ramana, K. V. & Rao, Y. S. (1975). Histopathogenesis in rice roots infested by Hoplolaimus indicus. Indian

Journal of Nematology, 5: 232-234.
Ramana, K. V. & Rao, U. S. (1978). Evaluation of yield losses due to lance nematode, Hoplolaimus indicus

Sher in rice. Andhra Agriculture Journal, 24: 124-125.



NEMATODE PARASITES OF RICE 105

Rao, J. (1985). Population build-up of white tip nematode (Aphelenchoides besseyi Christie, 1942) in different
monoxenic cultures. Oryza, 22: 45-49.

Rao, Y. S. (1976). Abnormal development of earheads in rice (Oryza sativa L.) due to the white tip nematode
(Aphelenchoides besseyi Christie, 1942). Current Science, 45: 560-56l.

Rao, Y. S. & Biswas, H. (1973). Evaluation of yield losses in rice due to the root-knot nematode Meloidogyne
incognita. Indian Journal of Nematology, 3: 74.

Rao, Y. S. & Israel, P. (1973). Life history and bionomics of Meloidogyne graminicola, the rice root-knot
nematode. Indian Phytopathology, 26: 333-340.

Rao, Y. S. & Jayaprakash, A. (1977). Leaf chlorosis in rice due to a new cyst nematode. International Rice
Research Newsletter, 2(4): 5.

Rao, Y. S. & Jayaprakash, A. (1978). Heterodera oryzicola n.sp. (Nematoda: Heteroderidae) a cyst nematode
on rice (Oryza sativa L.) from Kerala State, India. Nematologica, 24: 241-346.

Rao, Y. S. & Mohanadas, C. (1976). Occurrence of Caloosia heterocephala n.sp. (Nematoda:
Hemicycliophoridae) on roots of rice (Oryza sativa). Nematologica, 22: 227-234.

Rao, Y. S. & Prasad, J. S. (1977). Root-lesion nematode damage in upland rice. International Rice Research
Newsletter, 2 (1): 6-7.

Rao, Y. S., Prasad, J. S. & Panwar, M. S. (1986a). Nematode problems in rice: crop losses, symptomatology
and management. In: Swarup, G. & Dasgupta, D. R. (Eds.) Plant Parasitic Nematodes of India.
Problems and Progress, Indian Agricuitural Research Institute, New Delhi: 279-299.

Rao, Y. S., Prasad, J. S. & Panwar, M. S. (1986b). Stem nematode (Ditylenchus angustus) a potential pest of
rice in Assam and West Bengal, India. International Nematology Network Newsletter, 3 (4):
24-26.

Rathaiah, Y. (1988). Volunteer rice, host for diseases in DWR. Deepwater Rice, 14: 1-2.
Rathaiah, Y. & Das, G. R. (1987). Dfra threatens deepwater rice in Majuli, Assam. International Rice Research

Newsletter, 12 (4): 29.
Ray, S., Das, S. N. & Catling, H. D. (1987). Plant parasitic nematodes associated with deepwater rice in Orissa,

India. International Rice Research Newsletter, 12 (5): 20-2l.
Razjivin, A., Femandez, M., Ortega, J. & Quincosa, A. (1981). Nuevas especies de Hirschmanniella (Nematoda:

Pratylenchidae), parasitas de plantas indeseables en plantaciones de arroz. Poeyana, 216: 1-1l.
Reversat, G. (1975). Etude préliminaire de la survie en anaérobiose des juvéniles du nématode Heterodera oryzae

(Tylenchida: Heteroderidae). Comptes-rendus de l'Académie des Sciences, Paris, 280, Série 0:
2865-2868.

Ribeiro, A. S. (1977). Tratamento de sementes de arroz irrigado para controle da disseminacao do nematoide
Aphelenchoides besseyi. In: Anais, VIII Reuniano da cultura do Arroz, Rio Grande do Sul,
Embressa Brasileria de Pesquisa Agropecuaria,: 138-142.

Roy, A. K. 91973). Reaction of sorne rice cuitivars to the attack of Meloidogyne graminicola. Indian Journal of
Nematology, 3: 72-73.

Roy, A. K. (1976a). Pathological effects of Meloidogyne graminicola on rice and histopathological studies on
rice and maize. Indian Phytopathology, 29: 359-362.

Roy, A. K. (1976b). Effect of decaffeinated tea waste and water hyacinth compost on the control of Meloidogyne
graminicola on rice. Indian Journal of Nematology, 6: 73-77.

Roy, A. K. (1977). Weed hosts of Meloidogyne graminicola. Indian Journal of Nematology, 7: 160-163.
Roy, A. K. (1978). Effectiveness of rotation with non-host or fal10w on reducing infestation of Meloidogyne

graminicola. Indian Journal of Nematology, 8: 156-158.
Roy, A. K. 91982). Survivial of Meloidogyne graminicola eggs under different moisture conditions in vitro.

Nematologia mediterranea, 10: 221-222.
Sato, T., Koyama, T. & Koshihara, T. (1970). [Relation between the occurrence of rice root nematodes

(Hirschmanniella oryzae Luc & Goodey and Hirschmanniella imamuri Sher) and the cultivating
practices of paddy rice plant.] Bulletin of the Tohoku National Agricultural Experiment Station,
No. 39:207-219.



106 PLANT PARASITIC NEMATODES IN SUBTROPICAL & TROPICAL AGRICULTURE

Segeren-V.d.Oever. H. & Sanchit-Bekker, M. L. (1984). Observations on Meloidogyne oryzae Maas, Sanders
and Dede 1978 in irrigated rice in Suriname. Surinaamse Landbouw, 32: 51-59.

Sein, T. (1977a). Varietal resistance to ufra disease in Burma. International Rice Research Newsletter, 2 (2): 3.
Sein, T. (1977b). Seed-borne infection and ufra disease. International Rice Research Ne wsletter , 2 (2): 6.
Sein, T. (1977c). Testing sorne pesticides against ufra disease. International Rice Research Newsletter, 2 (2): 6.
Sein, T. & Zan, K. (1977). Ufra disease spread by water flow. International Rice Research Newsletter, 2 (2): 5.
Sharma, R. D. (1980). Patogenicidade de um nematoide Meloidogyne javanica (Treub, 1885) Chitwood, 1949 ao

arroz (Oryza sativia L.). Sociedade Brasileira de Nematologia, No. 5: 91-98.
Sharma, S. B. & Swarup, G. (1985). Cyst forming nematodes of India. New Delhi, Cosmo Publications, XV +

152p.
Shimizu, K. (1971). [Influence of the rice cyst nematode on the yield of paddy rice.] Annual Meeting to the

Japanese Society of applied Entomology and Zoology, Fuchu, Tokyo, April 7-9, 1971: 32.
Shimizu, K. (1977). [Seasonal fluctuation and rhizospherical distribution of population of the upland rice cyst

nematode, Heterodera elachista.] Japanese Journal of Nematology, 7: 49-57.
da Silveira, S. G. P., Curi, S. M., Fernandes, C. D. & Bona, A.de. (1977). Occurrencia do nematoide

Aphelenchoides besseyi Christie, 1942, em areas produtoras de sementes de arroz, no estado de
Sao Paulo. Reunias de Nematologia, 2: 81-91.

da Silveira, S. G. P., Curi, S. M., Souza, D. M.de & Arruda, H. V.de (1982). Comportamento de aigumas
cultivares de arroz em relacao ao nematoide Aphelenchoides besseyi Christie, 1943. Biologico,
48: 213-216.

Sivakumar, C. V. (1987a). Post-embryonic development Aphelenchoides besseyi in vitro and its longevity in
stored rice seeds. Indian Journal of Nematology, 17: 147-148.

Sivakumar, C. V. (1987b). The rice white tip nematode in Kanyakumari district Tamil Nadu, India. Indian
Journal of Nematology, 17: 72-75.

Stirling, G. R. (1984). A needle nematode (Paralongidorus sp.) causing poor growth of rice in North Queensland.
Australasian Plant Pathology, 13: 22-23.

Stirling, G. R. (1985). Observations on the biology and ecology of Paralongidorus australis in rice in North
Queensland. Nematologica, 31 (1986): 218-228.

Stirling, G. R. & McCulloch, J. S. (1985). Paralongidorus australis n.sp. (Nematoda, Longidoridae), causing
poor growth of rice in Australia. Nematologica, 30 (1984): 387-394.

Stirling, G. R. & Shannon, E. (1986). Needle nematodes. A potential problem for the Burdekin rice industry.
Queensland Agricultural Journal, 112: 258-261.

Stirling, G. R. & Vawdrey, L. L. (1985). Distribution of a needle nematode, Paralongidorus australis, in rice
fields and areas of natural vegetation in North Queensland. Australasian Plant Pathology, 14:
71-72.

Sudakova, M. 1. (1968). [Effect of temperatur'e on the life cycle of Aphelenchoides besseyi.] Parazitologiya, 2:
71-74.

Sudakova, M. 1. & Stoyakov, A. V. (1967). [Reproduction and duration of life of Aphelenchoides besseyi Christie,
1942.] Zoologicheski Zhurnal, 46: 1079-1099.

Tamura, 1. & Kegasawa, K. (1958). [Studies on the ecology of the rice nematode, Aphelenchoides besseyi
Christie. II. On the parasitic ability of rice nematodes and their movement into hills.] Japanese
Journal of Ecology, 8: 37-42.

Tamura, 1. & Kegaswa, K. (1959a). [Studies on the ecology of the rice nematode, Aphelenchoides besseyi
Christie. IV. The injurious feature and population dynamics of nematodes in unhilled rice grain
with special reference to the cultural environment of rice plant.] Japanese Journal of Ecology, 9:
65-{j8.

Tamura,I. & Kegasawa, K. (1959b). [Studies on the ecology of the rice nematode, Aphelenchoides besseyi
Christie, V. On the abnormal growth of rice plant and decrease in yield caused by rice nematode.]
Japanese Journal of Ecology, 9: 120-124.

Taylor, A. L. (1969). Nematode parasites of rice. In: Peachey, J. E .. (Ed.) Nematodes of Tropical Crops.



NEMATODE PARASITES OF RICE 107

Technical Communication, No. 40, Commonwealth Bureau of Helminthology, St. Albans, England:
264-268.

Taylor, D. P. (1978). Parasitism of banana by Heterodera oryzae. Revue de Nématologie, 1: 165-169.
Taylor, D. P., Ngundo, B. N. & Othieno, S. M. (1972). Tanzania. Rice white tip nematode. FAO Plant Protection

Bulletin, 20: 41-42.
Tikhonova, L. V. (1966). [Aphelenchoides besseyi Christie, 1942 (Nematoda; Aphelenchoididae) of rice and its

control.] Zoologicheski Zhurbnal, 45: 1759-1766.
Tikhanova, L. V. & Ivanchenko, Yu.N. (1968). [The combined infection of rice with a fungus, Piricularia and

a nematode, Aphelenchus.] Trudy Vsesoyuznogo Instituta Gel'mintologii im. K. 1. Skryabina, 14:
287-290.

Timm, R. W. (1955). The occurrence of Aphelenchoides besseyi Christie, 1942 in deep water paddy of East
Pakistan. Pakistan Journal of Science, 7: 47-49.

Todd, E. H. (1952). Further studies on the white tip disease of rice. Proceedings. Association of Southern
Agricultural Workers. 49th Annual Convention: 141.

Todd, E. H. & Atkins, J. G. (1958). White tip disease of rice. 1. Symptoms, laboratory culture of nematodes,
and pathogenicity tests. Phytopathology, 48: 632--637.

Uebayashi, Y., Amano, T. & Nakanishi, 1. (1976). [Studies on the abnormal rice kemel "Kokutenmai".
Mechanisms of the symptoms development.] Japanese Journal of Nematology, 6: 67-72.

Van der Vecht, J. & Bergman, B. H. H. (1952). Studies on the nematode Radopholus oryzae (Van Breda de
Haan) Thome and its influence on the growth of the rice plant. Pemberitaan Balai Besar
Penjelidikan Pertanian Bogor, No. 131: 82p.

Venkitesan, T. S. Nalinakumari, T. & Satykumar, J. (1979). Distribution of rice root nematode in Kerala. Indian
Journal of Nematology, 9: 55.

Verma, R. S. (1973). Two new species in the subfamily Longidorinae (Nematoda) from Uttar Pradesh, India,
with a key to species of Paralongidorus Siddiqi et al., 1963. Zoologischer Anzeiger, 190: 170-174.

Vuong, H. H. (1969). The occurrence in Madagascar of the rice nematodes. Aphelenchoides besseyi and
Ditylenchus angustus. In: Peachey, J. E. (Ed.) Nematodes of Tropical Crops. Technical
Communication No. 40 Commonwealth Bureau of Helminthology, St. Albans, England: 274-288.

Vuong, H. H. & Rabarijoela, P. (1968). Note préliminaire sur la présence des nématodes parasites du riz à
Madagascar: Aphelenchoides besseyi Christie 1942, Ditylenchus angustus (Butler, 1913) Filipjev,
1936. L'Agronomie tropicale, Nogent, 23: 1025-1048.

Watanabe, T., Yasuo, M., Ishii, K., Nagai, M. & Ichibki, K. (1963). Journal of the central agricultural Experiment
Station, 5: 1-44.

Winslow, R. D. (1960). Sorne aspects of the ecology of free-living and plant-parasitic nematodes. In: Sasser, J.
N. & Jenkins, W. R. (Eds.) Nematology, Fundamentals and Recent Advances with Emphasis on
Plant Parasitic and Soil Forms. University of North Carolina Press, Chapel Hill: 341-4~5.

Yamada, W. & Shiomi, T. (1950). [Studies on the rice white tip diseae. II. Disease control with special reference
to rice seed disinfection.] Special Bulletin. Okayama Prefecture Agricultural Experiment Station,
No. 47: 1--8.

Yamada, W., Shiomi, T. & Yamamoto, H. (1953). [Studies on the white tip disease of rice plants. III. Hibernation
of the causal nematode, varietal resistance of rice plants to the disease, and effect of rice culture
upon the disease occurrence.] Special Bulletin. Okayama Prefecture Agricultural Experiment
Station, No. 48: 27-36.

Yamsonrat, S. (1967). Studies on rice-root nematodes (Hirschmanniella spp.) in Thailand. Plant Disease Reporter,
51: 960-963.

Yik, C. P. & Birchfield, W. (1979). Host studies and reactions of cultivars to Meloidogyne graminicola.
Phytopathology, 69: 497-499.

Yokoo, T. 91948). [Aphelenchoides oryzae Yokoo n.sp., a nematode parasitic to rice plant.] Annals of the
Phytopathological Society of Japan 13: 40-43.

Yoshii, H. (1951). [On the growth habit and yield of rice plants affected with Aphelenchoides oryzae.] Science
Bulletin of the Faculty of Agriculture, Kyushu University, 12: 133-141.



108 PLANT PARASITIC NEMATODES IN SUBTROPICAL & TROPICAL AGRICULTURE

Yoshii, H. & Yamamoto, S. (1950a). A rice nematode disease "Senchu Shingare Byo". I. Symptom and
pathogenic nematode. Journal of the Faculty of Agriculture, Kyushu University, 9: 209-222.

Yoshii, H. & Yamamoto, S. (1950b). A rice nematode disease 'Senchu Shingare Byo'. II. Hibernation of
Aphelenchoides oryzae. Journal of the Faculty of Agriculture, Kyushu University, 9: 223-233.

Yoshii, H. & Yamamoto, S. (1950c). A rice nematode disease "Senchu Shingare Byo". IV. Prevention of the
present disease. Journal of the Faculty of Agriculture, Kyushu University, 9: 293-310.

Yoshii, H. & Yamamoto, S. (1951). [On sorne methods for the control of the rice nematode disease.] Science
Bulletin of the Faculty of Agriculture, Kyushu University, 12: 123-131.



 

Bridge J., Luc Michel, Plowright R.A. (1990). 

Nematode parasites of rice. 

In : Luc Michel (ed.), Sikora R.A. (ed.), Bridge J. 

(ed.). Plant parasitic nematodes in subtropical 

and tropical agriculture. 

Wallingford : CAB International, p. 69-108. 

ISBN 0-85198-630-7. 




