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A RICE NEMATODE DISEASE, SENCHU
SHINGARE BYQO"?

Il. Hibernation of Aphelenchoides vryzae®

HaziMi YOSHII AND SHIGEO YAMAMOTO

DISTRIBUTION OF THE NEMATODES ON THE
AFFECTED RICE PLANT

Before the time of ear formation the nematodes are found in
the interior of the folded young leaf, without having any definite
position or not restricted 1o the part about the apical meristem of
a leal. Population of the nematode at this time is thin, and it is
often difficult to find the nematode.

The nematodes are often found within the pubescence of
young spikclets after the beginning of ear formation. Sometimes
nowever, they are found in the interior of the flowering glumes.
The nematodes are always exo-parasitic and do not enter the
meristematic tissues of panicles or leaves.

At the earing stage, the majority of the nematodes still are
found on the exterior of glumes or within the pubescence of
pauicles, as pointed out by Fukano and Yokoyama (1947). Many
of the nematodes enter the interior of flowering glume at the
time of inflorescence, though some of them are found already in
the inner side of the palea before the emergence of panicles from

the sheath.

U Contribution from the Laboratory of Plant Pathology, Kyushu University.
2} | Symptom and Pathogenic Nematode. Jour. Facult. Agr., Kyushu Univ, Vel. 9,

No. 3, 1950.
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DISTRIBUTION OF THE NEMATODES ON MATURE GRAIN

To compare the population of the nematodes which exist on
the outer side of unhulled-grain with that in the mner side of the
husk, 20 unhulled-grains {from the affected plants were soaked in
water overnight at 25°C., and let the outside nematodes wriggle
out into the water. The residual unhulled-grains were gathered
and washed. Thus, the number of nematodes in the mterior of
the husks was counted in the usual manner.” The results obtained
with ten replicates, given in Table 1, indicate that the number of
nematodes in the interior of the husks is much larger than on the
exterior of unhulled-grains.

Table 1. Distribution of the nematode out- and inside of
unhulled-grain. 10 replicates of 20 grains each.

Number of nematodes Number of nematodes
ountside of husks inside of husks

6 30

2 21

1 29

0 26

4 18

0 22

4 26

4 24

3 28

0 87
Total 16 311

Mean 16 - 311

D=196 Difference between means significant at
1 per cent level.

In the inner side of mature glume the nematode usually coiled
up and stuck to the mner wall of the flowering glume. The
number of nematodes of the grain-side is less than that of glume-
side when examined after the grain was hulled {Table 2}.

I Ten to twenty unhulled-grains are stripped of their husks. Materials thus
vhbtained are put in a test tube, into which one cec. of distilled water is poured.
Thus about 20 tubes are prepared for one lot. After being kept atl 25°C. [or 16
to 20 hours, the materials in euach tube are poured into a watch glass. The
numbers of both moving tliving) and immobile (dead) nematode are counted
under a binocular microscope. )



Table 2. Comparison between numbers of nematodes on hull-side
and on grain-side.
15 replicates of 10 grains each.

Numbher of nematodes Number of nematodes
on hulled.grains on hulls {husks:
Living Taotal Living Totat

o 10 12 19
0 12 & 14
0 6 17 27
0 i 2 v
3] 7 18 23
0 13 22 36
0 ¢} 19 3T
0 1o 9 15
0 7 8 i7
[} 13 1] 21
0 7 19 23
0 13 15 21
5} 7 12 17
0 3 22 28
0 6 L4 19
Total 0 124 228 4

Mean 8.3 22.9

=56 Difference between means significant at 1 per cent level

The number of the nematodes found on well-developed unhulled-
grain is larger than those on waste unhulled-grain, © Shiina "V
(‘Table 3;.

Table 3. Comparison between numbers of the nematode on
well-developed grains and on waste grains.
15 replicates of 10 grains each.

Selected unhulled-grains Waste unhulled-grains, Shiina
Living Totai Living Total
nematode nematode nematode nematode
' 2 29 0 23

8 26 3 ac
17 33 0 30
22 38 ] 9
18 30 10 28

1 v Shiina " is a sorl of unhulled-grain composed of imperfect and immature grain
and of empty spikelet. Shiina is usnally driven away fiom ripe grain by a
winnowing-fan.
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92 49 4 14
18 36 a 1
9 25 1 5
8 51 2 18
11 a4 2 15
149 30 Q 28
15 24 i 36
12 24 4 13
29 31 4 15
14 25 & 9
" TForal 298 468 B 40 290
Mean  15. 2 2.7 19.3

DA D]fferem:e het\heen means of living nematodes significant
at I per cent level.

DZz85 Difference between means of total nematodes, significant
at 1 per cent level. :

DISTRIBUTION OF THE NEMATODE ON RICE STRAW

In May 1949, 170 culms (with leaves} of rice heavily affected
in the preceding season, were divided into five portions after [eaf-
blades were clipped off (Table 4). From the ground materials of
cach of these five parts, 1) 0.05, 2) 0.2, 3) 0.6, 4) 0.7, and 5) 0.8
grams were weighed out respectively, and the nematode numbers
within cach part were counted.

Tabie 4. Method of partition of culms with sheath to count the
nematode number.

Part No, Sort of materials Weight ‘gm.;

1 Grain restdual at th1 dahmg mdmlv r)f 2.7
empty spikelets

z Trashed ear T0.92

3 [nternode between 1st und 2nd node, 36,22
counted down from above

4 Internode between 2nd and 3rd node 45.32

5% Culnt below 3rd node 49,00

Data in Table 5 indicate that on the residual grains popula-

tion of the nematode s extremely dense, both in total and living

numhbers.  With respect to culms, difference in numbers of living
nematode due to height differerce is not found, while the number
of total nematodes is smail on the thrashed ear.



7

Table 5. Distribution of the nematode on straw of afected rice
plants, examined at the heginning of the next season.

Number of nematode Number of
living total nematodes
1w 2 3 4 5 1 2 3 4 5
36 0 it 0 ] 32 ) 9 4 6
28 1 0 0 0] 36 1 3 3 T
30 0 0 0 0 38 013 3w
33 3 0 0 0 4) 3 7 7 8
23 Q 2 0 (j 28 0 ] 4 G
29 &) 5} 0 0 32 0 4 i 2
36 0 i 0 0 38 it & G 6
23 1 1 1] 3] 28 1 2 5 7
26 1 & 0 0 32 1 [+ 2 1
28 2 0 1 0 32 2 3 3 1
Total 287 8 6 1 0 134 8 64 41 60

a4y Meaning of the figure is given in Table 4.

D176 Difference hetween any two of totals of living nematodes,
significant at 5 per cent level.

i 0 Tu M ae A Tntrerane
Lo

it Ars v ooy poen oaf dedal onf totnl mormarndac
LA ani. LAUICICIICG gULWOTLE ally Lwo Ua 1f 1 Rveds [ HHELRS R i

o
dlas 4 Gl DO JArQO8G,

significant at 5 per cent level.

LONGEVITY OF THE NEMATODE WITHIN UNHULLED-(:RATN

It may he nnot in vain to test the longevity of the nematode
stuck to the hulls, even though rice grain held for two years is
usually not used for secd because of its poor germinating power.

In November 1948, the diseased seed came from Fukuoka
Station in autumn 1945 and that from Saga Station in the same
year were compared with the seed of the current season obtained
at Hakozaki., The nematodes both living and dead were counted
on these samples as usual. The results summerized in Table 6
show that the longevity of the nematode within unhulled-grain is
more than three vears, though the number of living nematodes is
somewhat decreased in comparison with that of the current zeason.
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Table 4. Longevity of the nematode within unhalled-grain,
tested in Nov. 1948.

Grains obtained in 1945
from from
Fukuoka Saga Total per cent at Hakozaki  Total per cent
_ Station Station

Grains obtained in 1948

}ffi';‘é‘md" 54 72 52 50 228 469 64 77 97 61 299 629

g:;gato“e 51 88 60 59 258 531 27 54 54 41 176 371

Total 105 160 112 109 486 91 131 152 122 475

Homogeneity test of per cents of living nematode
) within 1945  [=0.38
within 1948 =122

between 1945 and 1948 F=249]

SEARCHES FOR THE HosT PLANTS OTHER THAN RICE
AND ITALIAN MILLET

a) Infection experiment with Aphelenchoides orvzae to Fox-
tail (Sefaria viridis Beauv.).

In May 1948, Fox-tail was sown in a pot mixed with the rice
grain affected by the nematode disease. After one month, the
seedlings of these plants were picked up and planted separately.
In September, the present nematode was found, though scanty in
number, on the ear of Fox-tail inoculated. No symptom had heen
observed on the infected plants.

After it became ripe, the ears of Fox-tail werc gathered, and
the nematode number per 20 grains was counted under microscope
as usual. The resuits thus obtained (Table 7) show that the

Table 7. Occurrence of Aphelenchoides oryzue in grains of
Fox-tail (Setaria viridis) infected with the nematode.
25 replicates of 20 grains each.

Nematodes in Nematodes in rice

Hox-tail grain wrains (infection source .
_ Living  Total Living ‘Total
0 2 7 8
1 5 0 0
L 1 i3 20
4] O 4 4
0 | & 135
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) 0 5 8
& 1 1 4
1 2 0 4]
11 12 4 &
3 4 4] (
( 0 7 13
5 5 4 1
1 8 5 10
6 6 3 s
5 5 22 28
[§] 1 0
B} 1 10 12
1 4 12 7
b 2 5 16
1 1 2 g
7 7 4 3
1 3 3 4
fy 1 2 5
8 8 7 11
2 2 14 22
Total 50 a] 141 b
Mean 2,24 3.24 . DB S.H8

1722328 Difference between means of living nemalodes,
significant at 1 per cent level.

D426 Dilference between means of total nenuatodes,
significant at 1 per cent level

nematode is able to infect Sefaria viridis, though its population on
the ear 18 thinner than that of the original diseased rice used for
the experiment.

by Occurrence of the nematode on the car of weeds
grown within plots of affected plants.

In autumn 1948 a large number of (he nematode were found
on the car of Fox-tail (Setaric wviridis) grown between hills of
ftalian millet which were heavily affected by the disease. Mean-
while, the nematode was {found on the ear of Crab grass (Paniciim
sanguinale 1..) grown at the same place; and also it was found on
the car of Cyperus grass {(Cyperus iria L) grown within a hill of
rice plant affected heavily by the nematode disease. It may he
probable that the occurrence of the nematode on these weeds was



230

brought ahout by rain drops in which the pathogens migrated
from ears of the affected crops.

The seed grains of these plants grown under diseased crops
were gathered, together with those obtained from way-side, were
dried and preserved until the following spring, when they were
counted {for their nematodes. The results obtamed arc given in
Tahle &

Table &% Qccurrence ot the nematode within preserved secd of
several weeds, examined at the beginning of next season.

}:‘rr;i:s[ No. of nematode,
Weeds Localities L counted with
fean 5 replicates
g e Under diseascd f Living 0 13 & 7 1%
4 5 Hel 5 N it
Setaria viridis Italian millet i | Dead R R -
: C g . & y Living O 0 iz
Pariieum sanguinale ditto 50 | Dead 2 i 5 4

Cyperus iria rice plant 100 { Dead i1

i
3
Under diseased Living O ¢ 0 O 0
1 1
& f Living 0O 0O @
G

G g g 5 ‘ 0 U
Set(-ma viridis o) Way-side 70 \ Dead a1 G0

; ; it : fLiving ¢ 0o 0 @ 0
Panicum sanguinele ditin 50 { Dead 0 o 4 ¢ 0
Cyperus iria ditto o JLiving 0000w

| Dead o o 0 0 0

2y A nematode belonging under Cephaiobus 1s often tound.

It is obvious that the nematodes are left alive untit the follow-
ing season within dry seed of Fox-tail (Selasia viridis) and some-
iimes of Crab grass, both having come from the plot of diseased
Italian millet. While the living nematodes are not found in the
seed of Cyperus grass collected at the hill of diseased rice, they
were found on the flowers in the preceding autumn.  Within the
sced of these weeds collected by the way-side, except for Fox-tail,
the nematode was not found. Tt i3 worthy to note that the
nematode cxisted, though scarce in number, on the ear of Fox-tail
collected by the way-side.

In an other ‘experiment no nematode was {ound on the ear of
Barnyard grass (Panicum crus-galliy collected at heavily affected
paddy field. Again. at the infection experiments of ihe nematode
to Barnyard grass negative results were obtained.
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These data show that the nematode may often be found,
sometimes remaining alive, in the seed of some weeds which grow
in the field of affected rice or ltalian millet, even if the weeds
are not the true host plants for the pathogen, and that the most
noteworthy grass is Setavia viridis.

HIBERNATION OF THE PRESENT NEMATODE IN FIELD

In January 1949, unhulled rice grains heavily infected with
the preseni nematode were divided o four paris, each covered
with cheesecloth, placed out of doors as follows:—1) put into
water, 2) placed on the surface of the untilled dry rice field, 3)
inserted in ridge of the same field, and 4) preserved in dry state
for control. After four months these samples were gathered, dried
for a few days, and then the number of the nematode within
each of them was counted.

The results given in Table 9 show that all of the living
nematodes have vanished from the grain treated. with some
exception kept in soil, and that there is a sharp difference hetween

Table 4. Numbers of nematodes exist within unhulled-grains,
left out of doors, January to May.
25 replicates of 10 grains each.

Grains in dry

{irains in water Grainson ground  Grains in soil state (Check)
Living Total Living  Total Living  Total Living  Total
nema.  nemd. nema. nema. nema.  nemi. nema, nema.

0 0 0 Q 1 2 4 i3
U 4] 4] i 0 U 36 38
o} 0 4} 1 a 0 A0 43
0 1 0 0 0 4 17 19
0 0 0] 1] 0 { 27 35
0 0 0 G 0 0 23 25
0 {) 0} 0 0 0 20 24
U 0 0 (] ] 0 13 14
0 U 0 0 b i 10 14
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0 0. 0 ] | 1

U 1 0 o 0 0 8 4

0 0 0 ¢ 0 0 16 21

0 0 0 0 ] 0 8 g

0 0 0 0 0 0 5 18

U 0 0 y 0 0 16 22

0 o 0 0 0 0 1 4

0 0 (¢ 0] 0 4] 4 11

0 0 ] 0 1 1 8 10

0 0 ¢ 0 0 0 7 9

0 0 0 0 0 0 11 20

0 1) 0 0 0 0 22 32

0 0 0 0 0 0 8 13

0 0 0 0 0 0 6 7

_ 0 0 0 0 i 0 L7 15
Total ) 2 0 1 3 . 4 359 157

From other experiments it is known that the nematode moves
vigorously at a temperature ranging from 20° to 25°C. and scarcely
moves when below 10°C., and that the longevity of the nematode
in water is less than 30 days at 20° to 25°C. From these facts,
together with the disorganized state of the dead remainders in the
present experiment, it is reasonable to say that the most of the
nematode within the grains left out of doors would have perished
due mamly o the allagl oF siisroliveniemie, otid puld Ko
disappeared before the time of examination,

From these facts it may be certain, in general, that the
nematodes within grain or straw scattered over the field at harvest,
or ihe nematodes remain on some grass, will be decumposed and
will disappear from the field before the beginning of the next
Seasorl.

SUMMARY

The nematode can infect Italian millet and a sort of Fox-tail
(Selartavividis}. Barnyard grass (Panicum crus-galli) is not the
host plant. _ _

The nematode situates exo-parasitic within the folded youngest
feaf of rice before the formation of the youngest ear. After the
voungest ear is formed, it is found most frequently within the
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pubescence of the ear, but sometimes it enters the inner side of
the yvoung flowering glume. From the caring to the - flowering
stage, it 1s found commonly on the ear outside of the flowering
glume. At the flowering stage it usually cnters the inner side of
the fowering glume, and is found stuck to the inner wall of
flowering glume until next spring.

The number of the nematode found on well-developed unhulled-
grain is larger than that on waste unhulled-grain.

Examination of the distribution of the nematodc on rice straw
at the beginning of the next season, indicates that the population
of the nematode 18 extemely dense on the residual grain. On
straw after perfect thrashing, there were found no significant
differences in numbers of living nematode due to height difference.

The nematode could hardly survive the winter when unhulled-
grain is scattered in the field.
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