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Current Research on the Major Nematode 
Problems in Japan 

M .  ICHINOHE 2 

Abstract: Among important nematode species occurring in Japan, current research achievements 
with the following four nematodes are reviewed: 1) Soybean cyst nematode (SCN), Heterodera gly- 
cines--breeding for resistance, race determination, association with Cephalosporium gregatum in azuki 
bean disease, and isolation of hatching stimulant. 2) Potato-cyst nematode (PCN), Globodera rosto- 
chiensis--pathotype determination (Ro 1), breeding for resistance, and control recommendations. 3) 
Pinewood nematode (PWN), Bursaphelenchus xylophilus--primary pathogen in pine wilt disease, life 
cycle exhibiting a typical symbiosis with Japanese pine sawyer, Mono&amus alternatus, and project 
for control. 4) Rice root nematodes (RRN), Hirschmanniella imamuri and H. oryzae--distribution of 
species, population levels in roots, and role of these nematodes in rice culture. 
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Contributions to the science of  hema- 
tology in Japan have been achieved mostly 
in the last 30 years. A recently compiled 
bibliography of  Japanese nematology con- 
tained 6,624 references since 1879, of  
which 5,492 or 83% were published be- 
tween 1955 and 1984 (20). 

Around 1955 the agricultural adminis- 
tration in Japan began to endeavor to raise 
production of  field crops, such as vegeta- 
bles, beans, sugarbeets, and cereals, in- 
stead of paddy rice which had been pro- 
moted by the government since World War 
II. In each prefecture, nematode specialists 
began to examine soil samples for the first 
time from nurseries and fields on a nation- 
wide scale. 

In 1971 the Japanese Nematological So- 
ciety was founded, and since then 16 vol- 
umes of the Japanese Journal of Nematology 
have been issued, including nearly 200 ar- 
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ticles conce rn ing  the taxonomy,  bio- 
nomics, and control of  various nematode 
groups. New approaches to nematology ap- 
pear, particularly in studies of  insect-para- 
sitic nematodes, biological control utilizing 
microorganisms, physiology of  Caenorhab- 
ditis, and others. 

This paper reviews the current  research 
conducted in Japan since the 1960s on some 
of  the most important nematode species. 

SOYBEAN CYST NEMATODE 

The  soybean cyst nematode (SCN), Het- 
erodera glycines described by the author (6) 
in 1952, has been causing serious damage 
to soybean and azuki beans throughout  Ja- 
pan since the first discovery in 1915 (5). 
The characteristic symptom of affected 
soybeans is yellow, round patches of plants 
occurring in spots in a field approximately 
50 days after seed germination. Later the 
patches gradually enlarge in diameter. 

Breeding programs for soybeans resis- 
tant to SCN have been conducted since the 
1950s in three regions--Hokkaido,  north- 
eastern mainland, and central main land--  
utilizing soybean maturity groups 0-II, I I t -  
v (mostly IV), and IV-V, respectively. 
Among hundreds of  cultivars or strains of  
soybeans tested, a native selection called 
'Geden-shirazu' was found to be highly tol- 
erant to SCN (13), and from this selection 
a new cuhivar 'Nema-shirazu' was released 
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in 1961 in the northeastern mainland and 
'Toyosuzu' in 1966 in Hokkaido (29). 

Since the maturation date of  Nema-shi- 
razu is rather late, breeding of  earlier ma- 
turing soybeans was at tempted by inducing 
mutations with 6°Co gamma irradiation of  
seeds. In 1966 two cultivars were devel- 
oped: 'Raiden' which matures 25 days ear- 
lier than Nema-shirazu and 'Raiko' which 
matures 15 days earlier, usually about 25 
October  (25). The  highly resistant 'Peking' 
has been used as a gene source since the 
1960s, and a resistant cultivar named 'Su- 
zuhime' was released in Hokkaido in 1980 
(30). This cultivar is highly resistant to races 
1, 3, and 5, which are common in Japan. 

Race determination in Japan began in 
1979, and so far races 1, 3, and 5 have 
been identified (10,11,21,26). Similar stud- 
ies have been concentrated in Tokachi 
Province of  Hokkaido, the largest soybean 
growing area in Japan, and 72 out of  84 
populations tested were race 3, 11 popu- 
lations were race 1, one was race 5, and 
none were races 2 or 4 (27). 

A disease of  azuki bean in Hokkaido, 
called defoliation disease and caused by the 
soil-born fungus Cephalosporium gregatum, 
has become so serious that 66% of  the azu- 
ki bean acreage was affected in 1970 and 
85% in 1976, resulting in a drastic decrease 
in azuki bean cultivation in the last decade. 
Affected plants exhibit early defoliation 
following discoloration and wilting of  low- 
er leaves in late August, which then grad- 
ually proceeds upwards. In the course of 
the investigation, the incidence of  the dis- 
ease appeared to be closely associated with 
nematodes, because treatment with ne- 
maticides, such as ethylene dibromide or 
D-D, resulted in perfect control of  the dis- 
ease (1). A recent investigation (23) re- 
ported that the rate of  plant infection sig- 
nificantly increased when plants  were  
inoculated with both fungal conidia and 
second-stage juveniles of  SCN, relative to 
those inoculated with fungus alone. In this 
study, tests involving inoculation with the 
two organisms at different times indicated 
that the highest disease severity occurred 
when both the fungus and nematode were 

inoculated simultaneously. Incidentally, 
this fungus is pathogenic only to azuki beans 
and not to soybeans or other  legumes. 

In 1966 hatching of  SCN was shown to 
be stimulated by the root  diffusates of  host 
plants such as soybean, azuki bean, and kid- 
ney bean (31). Since 1967 attempts to iso- 
late the substance stimulating hatch have 
continued. The  research was quite suc- 
cessful and isolated a substance which was 
named glycinoeclepin A (19). Its chemical 
structure was also determined (3). Hatch- 
ing tests indicated that this substance was 
efficient at concentrations as low as 10 -a~- 
10 -12 g /ml  of  pure glycinoeclepin A in 
water at 25 C. 

The  first step of  this investigation was to 
compare the intensity of  hatch stimulation 
of  root  diffusates from different hosts; kid- 
ney bean roots were considered the most 
efficient source of  this material. Kidney 
beans were grown on 2 or 3 ha every year, 
and roots were collected at the flowering 
stage in late July. The  roots were washed, 
fully dried, pulverized, and preserved. Ap- 
proximately 1,000 kg of  roots were ob- 
tained from 10 ha, and water was extracted 
at below 10 C during winter; this yielded 
1 kg of  hatch-stimulating concentrate. Af- 
ter fractionation and repeated chromatog- 
raphy, guided by bioassays, 1.25 mg of  
crystalline para-bromophenacyl ester, con- 
taining 0.5 mg of  pure glycinoeclepin A 
was isolated. This amount of  product en- 
abled the determination of  the chemical 
structure. 

POTATO-CYST NEMATODE 

In July 1972 the potato-cyst nematode 
(PCN), Globodera rostochiensis, was found for 
the first time in potato fields in the western 
corner of  Hokkaido, the northernmost  is- 
land of  Japan. Since the nematode was first 
found around the small village of  Makkari, 
this population is called the Makkari pop- 
ulation to distinguish it from other popu- 
lations or pathotypes. Five years later PCN 
was also detected in eastern Hokkaido. The 
first survey in 1972 revealed 150 ha of  in- 
fested potato fields; 7 years later the infes- 
tation amounted to more than 2,000 ha 
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(32). Surveys made later than 1979 indi- 
cated an annual increase of  approximately 
350 ha, and by 1985 nearly 4,300 ha were 
infested. 

By courtesy of  Rothamsted Experimen- 
tal Station, England, the Makkari popula- 
tion was compared morphologically and 
physiologically with British pathotypes A, 
B, and E, one of  which (A) was G. rosto- 
chiensis, but two of which (B and E) were 
G. pallida (28). 

Among several morphological charac- 
ters checked, the difference in stylet length 
of  the second-stage juvenile was most dis- 
tinctive between two pathotype groups; one 
group 21-22  #m long included the Mak- 
kari population and British pathotype A, 
and another 23-25 gm long included Brit- 
ish pathotypes B and E. Differential host 
studies indicated that the Makkari popu- 
lation was the same as British pathotype A, 
producing only a few females on 'Maris 
Piper' which possesses H l genes. From these 
results, we consider the Makkari popula- 
tion to be Globodera rostochiensis pathotype 
Ro 1 (8). 

Since our preliminary tests showed that 
none of  our conventional varieties were 
resistant to PCN, we immediately started 
a breeding program. Many potato variet- 
ies, strains, and wild species from Ger- 
many, England, and Holland were used. 
To  screen for nematode resistance, we em- 
ployed the new paired tuber method (12) 
in which a pair of  tubers produced by an 
F~ plant was given the same code number  
and divided into two groups. One group 
was used in resistance screening tests in 
isolated greenhouses, and the other was 
kept at 2 C in the breeding laboratory. 
After the initial screening tests, tubers of  
the latter group could be selected for fur- 
ther agronomic examination if necessary. 
This method completely eliminated the 
danger of  nematode contamination of  po- 
tato breeding fields. More than 100,000 
tubers were tested, and several promising 
varieties or lines have been selected. In 
1986 the first resistant variety named 'To- 
yoakari' (22) and two more in 1987 were 
registered by the Ministry of  Agriculture, 

Forestry, and Fisheries. The female parent 
o f  Toyoakari is 'Tunika', and the male par- 
ent is a susceptible line of  the wild type, 
with resistance to late blight and powdery 
scab diseases. 

Nematode  populat ion densities af ter  
planting a host or a nonhost were com- 
pared with preplant densities. The  popu- 
lation increased sevenfold on a susceptible 
variety and decreased to 30% on the resis- 
tant variety Tunika, a larger decrease than 
obtained with nonhosts (32). Application 
of  oxamyl (1% granules) to nematode-in- 
fested fields increased tuber yields by 30-  
80% depending on the time of  application, 
dosage, and year (32). Based on the field 
tests conducted since 1972, Yamada (32) 
recommended the following control mea- 
sures against PCN: 1) Since countermea- 
sures vary depending on the nematode 
density, the nematode population level in 
a field is measured and designated as low, 
moderate, or high, if it contains 10 or few- 
er, 11-99, or  100 or  more eggs per  gram 
dry soil, respectively. 2) Crop rotation of  
at least 4 years is to be practiced in every 
potato field. A conventional and recom- 
mended sequence in Hokkaido is wheat-  
bean-sugarbeet-potato.  Incidentally, the 
sugarbee t  cyst nematode ,  Heterodera 
schachtii, has not been detected in Japan 
despite a large sugarbeet acreage. 3) Po- 
tato can be planted only on low level fields, 
possibly with an alternate planting of  a re- 
sistant and a susceptible potato variety once 
every 4 years; with the susceptible potato 
variety, oxamyl granules should be applied 
at planting time. 4) For moderate  and high 
level fields, autumn treatment with D-D 
and planting of  nonhosts the following year 
should be made. 

PINEWOOD NEMATODE 

Great interest has been aroused since the 
discovery in 1971 of  the pinewood nema- 
tode (PWN), Bursaphelenchus xylophilus, as 
the causal agent of  the pine wilt disease 
which had long been attributed to insect 
parasites (14). In 1979 association of  PWN 
with pine wilt disease was also reported in 
the United States (2). Although a number  
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of  references dealing with PWN are avail- 
able, most have been summarized in re- 
views by Ikeda (9) and Mamiya (16-18) on 
which the following review is mostly based. 

The  first occurrence of pine wilt in Japan 
was in 1905, when Yano (33) reported it 
from Nagasaki, Kyushu. He did not deter- 
mine the cause of  the disease, but de- 
scribed disease symptoms that correspond- 
ed well with those known currently to be 
induced by PWN. Pine wilt has spread 
throughout  Japan in stands of  three native 
pines---Pinus densiflora, P. thunbergii, and 
P. luchuensis. In 1984 the area infested by 
the disease was estimated to have reached 
610,000 ha, which was 24% of the nation's 
total of  2.6 million ha of  pine forest. Loss 
of  pine wood by PWN was estimated to be 
2 ,430 ,000  m 3 in 1979, decreas ing  to 
1,260,000 m 3 in 1985. 

During the early 1960s, entomologists 
came to the conclusion that insects did not 
play a primary role in pine wilt disease, 
because the trees were already affected at 
the time of  insect attack by oviposition, 
although the trees showed no external 
symptoms (18). Research into the onset of  
the disease prior to insect attack was then 
initiated. 

In 1971 Kiyohara and Tokushige (14) 
demonstrated death of  trees induced by 
nematode suspensions injected into holes 
in stems, branches, or roots and suggested 
that PWN was the causal organism of  pine 
wilt disease. Death of  trees occurred 40 -  
60 days after inoculation during the sum- 
mer.  Dead t rees  conta ined  nema todes  
throughout stems, branches, and roots. Old 
pine trees as well as young seedlings were 
affected by PWN to the same degree. Three  
pine species native to Japan are highly sus- 
ceptible, while no mortality has been ob- 
served on stands of  P. taeda and P. elliottii 
even where they are surrounded by heavily 
damaged Japanese pines. 

Quick death of  a nematode-infected tree 
is characteristic of  pine wilt disease, and 
quite commonly, affected pine trees that 
appear healthy in early summer show a 
reddish-brown foliage and die in late sum- 
mer. The  first detectable internal symptom 

is a reduction and cessation of  oleoresin 
exudation. A simple technique for mea- 
suring oleoresin exudation flow, developed 
for pine bettle research (24), was found 
useful in diagnosing diseased trees at an 
early stage, even when no external symp- 
toms appeared. Oleoresin exudation in 
seedlings ceases completely within 6-9  days 
after nematode inoculation. Transpiration 
from foliage of  affected trees decreases 20-  
30 days after inoculation, and foliage wilts 
immediately. 

Under  natural conditions, nematode in- 
fection of  pine trees with dauer juveniles 
occurs via wounds made by maturation 
feeding of  pine sawyer, Monochamus alter- 
natus, on living twigs. The  transmitted 
dauerjuveniles invade the wood tissues im- 
mediately, molt to adults, and begin to feed 
and reproduce in resin canals (16). During 
winter and early spring, the dispersal third- 
stage juveniles, defined as the resting stage 
which can survive unfavorable conditions, 
congregate around the pupal chambers of  
the pine sawyer. In late spring, coinciding 
with the time of  pupation, aggregated 
nematodes molt to dauer juveniles. Im- 
mediately after emerging, adult beetles be- 
come contaminated with dauer juveniles. 
In a severely damaged pine forest, an av- 
erage of  15,000 dauer juveniles were re- 
covered from a single insect (18). Outlying 
infection resulting from the introduction 
of  nematode-infected pine logs is the most 
common pattern of  spread of  this disease 
into uninfested areas. 

Control of  pine wilt disease in Japan con- 
sists of  three parts: 1) control of  the Jap- 
anese pine sawyer population by aerial 
spraying as well as ground sprays, 2) con- 
trol of  PWN population, and 3) breeding 
pines resistant to PWN. 

The  low volume aerial spraying of  in- 
secticide, reducing the 60 liters of  conven- 
tional spray by 8 liters per  ha, and the tech- 
nique of gun nozzle spray, a direction 
controlled spraying nozzle installed in a he- 
licopter, appear very effective in control- 
ling pine sawyers and also in minimizing 
adverse environmental effects (9). Two 
promising nematicides, mesulfenphos and 
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morantel-tartalic acid, are now available for 
direct control o f  nematode populations. 
The  project of  breeding pines resistant to 
PWN, started in 1978, involves 17 orga- 
nizations in grafting trees and PWN in- 
oculation tests (9,17). The F1 of  an inter- 
specific hybrid between P. thunbergii and 
P. massoniana showed high resistance to 
PWN (17). 

Investigation of  PWN has disclosed a 
magnificent symbiosis between nematodes 
and beetles with pine trees as the common 
host. Most pine species in the United States, 
where PWN is considered to originate, are 
highly tolerant to this nematode. This sug- 
gests the possible introduction of  PWN 
from outside, because an introduced pest 
organism often shows strong pathogenicity 
to new hosts after acquiring an effective 
association with the native vector. 

RICE ROOT NEMATODES 

High population levels of the rice root 
nematodes (RRN), Hirschmanniella ima- 
muri and H. oryzae, have always been found 
in most rice paddies throughout  Japan. Al- 
though increased rice production is eco- 
nomically important in Asian countries, 
relatively little work has been done on the 
nematode pests of rice (7), except for the 
white tip nematode, Aphelenchoides besseyi. 

Since 1968 the bionomics of  two species 
of  RRN have been compared by standard- 
ized methods in 15 prefectures scattered 
throughout  Japan. Studies especially con- 
centrated on distribution of  the two species, 
seasonal prevalence, and effects on rice 
growth. Estimation of  the nematode pop- 
ulation levels in rice roots was made by the 
Baermann-funnel technique for 48 hours 
at 20-25 C, using arbitrarily sampled 5-g 
portions of  fresh roots cut into 1-cm-long 
pieces. 

Virtually all rice paddies in Japan are 
infected with one or both species of Hirsch- 
manniella, except for a few paddies in Hok- 
kaido where no RRN have been detected. 
O f  221 rice paddies examined, H. orvzae 
occurred alone in only 10%, H. imamuri 
occurred alone in 14%, and 72% were in- 
habited by both species simultaneously, 

In transplanted rice roots, nematode 
populations gradually increase in June  and 
reach a peak between August and Septem- 
ber  in the north and between August and 
November in the south. Although nema- 
tode populations in rice roots varied con- 
siderably among paddies, seasons, soil con- 
ditions, or cultural practices, the average 
number of nematodes per gram of  root  in 
the species-differential study conducted 
from September to November  throughout  
Japan was 56.2 (n = 182)H. oryzae and 59.3 
(n = 190)H. imamuri. 

Even after the rice harvest, a compara- 
tively high nematode population was al- 
ways recovered from rice root  stubble. 
Close examination revealed that from Oc- 
tober to February a large portion of  the 
H. oryzae population was in the adult stage 
with fewer juveniles observed, whereas H. 
imamuri was mainly in the third or fourth 
juvenile stage and only few adults were de- 
tected from stubble roots. Since a compar- 
atively high adult ratio of  H. imamuri has 
been observed in rice roots at transplant- 
ing time, the juveniles of  H. imamuri that 
have hibernated in old rice stubble roots 
apparently continue to mature and emerge 
into the paddy soil by the time of  rice trans- 
planting. According to Kuwahara and Iya- 
tomi (15), there is one generation a year 
of  H. imamuri and two generations of  H. 
ory~ae. 

A high population level with a high adult 
ratio (68.5%) of  H. imamuri has also been 
observed at transplanting time in the roots 
of  barnyard grass (Panicum crus-galli var. 
frumentaceum), a common rice paddy weed 
in Japan (4). Paddy weeds as well as rice 
stubble roots may serve as reservoirs for 
further nematode infection of  rice. 

The effect of  different nematode popu- 
lation levels on growth of  rice plants has 
been studied in many locations in Japan by 
means of  nematode inoculation or nema- 
ticide treatment. In small tests, rice plants 
inoculated with a high population of  RRN 
exhibited early growth suppression result- 
ing in decreases in the number of  tillers 
and in yield. However, many studies con- 
ducted in rice paddies have failed to dem- 
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onstrate high correlations between nema- 
tode population levels and yield reductions. 

Nematicide trials were conducted with 
D-D mixtures, 30% EDB, or DBCP (80% 
E.C.) at appropriate application rates for 
paddies. D-D treatment resulted in 10-38% 
yield increases in well-drained paddies, but 
less in moderately and poorly drained pad- 
dies. DBCP treatment increased the aver- 
age yield by about 10%, but EDB induced 
plant abnormalities such as short culms, 
unfolded leaves dense to dark green in col- 
or, or exceptionally prolific tillering. Ex- 
periments indicated that soil t reatment 
should be accompanied by a reduction in 
the amount of  nitrogenous fertilizer by at 
least 20-40% (50-60% in heavy clay soil); 
otherwise the rice plant will grow too rap- 
idly, resulting in heavy fungus infection and 
lodging. 

The  actual reduction in rice yield caused 
by RRN is still controversial. One reason 
is that the environmental conditions under  
which a rice plant grows are unique, and 
the conditions of  experiments vary consid- 
erably. The  fact that virtually every rice 
paddy in Japan is infested with RRN sug- 
gested that the rice varieties which now 
grow the best in paddies are those rela- 
tively resistant to this nematode, because 
they have been developed for hundreds of  
years in rice paddies inhabited by the 
nematodes. More data on the role of these 
nematodes in rice culture are needed. 
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