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A RICE NEMATODE DISEASE, .. SENCH() 
SHINGARE BYO" 1) 

II. Hibernation of Aphelenchoides oyyzae'; 

H AZIMI'; YOSHII AND SHIGEO YAMAMOTO 

DIST1UBUTIOl\ OF TH~; NEMATODES ON THE 

AFFECTED RICE PLANT 

Befort the time of ear formation the nematodes are found in 
the interi or of the folded young leaf, without having any definite 
position or not restricted to the part about the apica l meristem of 
a leaf. Population of the nematode at this time is thin , and it is 
often difficult to find the nematode. 

T he nematodes are of len found wit hin the pubescence of 
young spikdets after the beginning of ear formation. Sometimes 
however, they are found in the interior of the floweri ng glumes. 
The nematodes are always exo·parasitic and do not enter the 
meristematic tissues of panicles or leaves. 

At the caring stage, the majority of the nematodes still are 
found on t he exterior of glumes or within the pubescence of 
panicles, as pointed out by Fukano and Yokoya ma (1947). Many 
of the nematodes ('ntn t he interior of Jlowering glume at the 
time of inflo rescence, though some of them are fo und already in 
the inner side of the palea befo re the emergence of panicles from 
the sheath, 

IJ Contributio!l from the L<l borarory of Plant P3thology, Ky ushu Un iversity. 
2) L Symptom nnd Pathogenic Nematode. Jour. l'acult. A).!"r., Kyushu Uni \' ., Vol. 9. 

No.3, 195() . . 
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DISTIUBUTI0N OF THE NEMATODES ON MATUIIE GliAlI' 

To compare the population of the nematodes which exist on 
the outer side of unhulled-grain with that in the inner 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 lmhulled-grains were gathered 
and washed. Thus, the number of nematodes in the interior of 
the husks was counted in the usual.manner1i The results obtained 
with ten replicates, given in Table I, indicate that the number of 
nematodes in the interior of the husks is much larger than on the 
exterior of unhulled-grains. 

T able 1. Distribution of the nematode out- and inside uf 
unhu lled-g:r:t in . 10 replicates of 20 grai ns each. 

Number of nematodes 
outside of husks 

Total 
Mean 

6 
2 
1 
(I 

J 

o 
o 
1 
3 

o 
16 
1.6 

Number of nematodes 
inside of husks 

._----
30 

21 
29 
26 
18 

22 
26 
20 
26 

87 

:UI 
. 3Ll 

----_._- -
D~19.6 Difference between means sign ificant at 

1 per cenl level. 

)n the inner side of mature glume the nematode usually coiled 
up and stuck to the inner 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 Cfable 2). 

Jj Ten to twenty unhulled-grains are stripped of their .husks. T\-1aterials thus 
'ubtained are put in a test tube , into which ont! {:C. (Ii distilled water is poured. 
Thus about 20 tubes are prepared for one lot. After being kept al 25"C. [or Hi 
to 20 hours, the materials in each lube Ilre pollrerl into a \,,-atch g\.1.ss. The 
numbers of both moving (living) and immobile (dead) nemat.ode are counted 
under a binocular microscope. 



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

Number of nematodes Number of nematodes 
on hulled-g-rains on hulls \husks": 

Living Total Living Total 
-_ .. _------_.----' 

0 10 12 19 
() 12 8 11 
0 6 17 U 
0 22 ~l7 

II 7 lb 23 

I) 13 22 ::;6 

U '. Hi n 
0 10 9 15 

0 7 8 17 
0 F .> 11 21 

0 7 l~) 2:3 
{) 13 15 21 
0 7 12 17 
0 :1 22 28 
0 6 11 19 

Total 0 12·1 22R 3H 

lVlean 8.3 22.9 

D~5.f, Difference between means significant <11" 1 per cent level. 
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The number of the nematodes founcl on well-developed unhulled
grain IS larger than those on waste unhulled-grain. "ShEna "1) 

ITable 3). 

T;dlie :i. Comparison between numbers of the nem<llode IlIl 

well-developed grains and on waste grains. 
15 replicates of 10 grains each. 

Selected un hulled-grains 
Living Total 

nematode nematode 

12 
8 

17 
22 
18 

29 
26 
33 
38 
:30 

\Vaste unhulled-grains, Shiina 

Living Total 
nematode nematode 

o 
:l 
o 
o 

10 

23 
35 
~lO 

!J 
:2R 

1) "Shiina' is rt sorl of unhuHed-grain Cl'lllposed of imperfect :mrl innl1illl1rc grain 
and of empty spikelet. Shiina is llsually c'!riven away flOill ripe grain by C1 

winnowing·fan. 
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62 
19 
9 
8 

11 

19 
15 
12 
22 
1<1 

Total 228 
Mean 15.2 

·19 
36 
0, .... ,) 

24-
:H 

:10 
:~4 

24 
:n 
25 

468 
31.2 

4 
(l 

1 
2 
2 

0 
,I 
4 
4 
fi 

40 
2.7 

H 
II 
6 

18 
15 

28 
:jfi 
13 
15 
9 

290 
19.3 

D.:l4.0 Difference between means of living nematodes. significant 
at 1 per cent level. 

D;;;:8.5 Difference between means of total nematodes. signiiican \ 
at 1 per cent level. 

DISTRIBUTIOK OF THE NEMATODE OK RICE STHAW 

In May 1949, 170 culms (with leaves) of rice heavily affected 
In the preceding season , were divided into five portions after leaf· 
blades were clipped off (Table 4). From the ground materials of 
('ach of these five parts, 1) 0.05, 2) 0.2, ~) 0.6, 4) 0.7, and 5) 0.8 
graIns were weighed out respectively, and the nematode numbers 
within each part were counted. 

Table 4. !vIethod of partition of culm1j with sheath to coont the 
nematode numher. 

Part No. 

1 

;-] 

5 

Sort of materials 

Grain residual at thrashing, mainly of 
empty spikelets 

Trasbed ear 

Internode between 1st and 2nd node. 
counted down from above 

Internode hetween 2nd and 3rd IlOc1(::, 

Culm below ;-)rd node 

Weight '~gm.) 

2.70 

;-{f'.?2 

:l-9.{)O 

Data In Table 5 indicate that all the residual grains popula· 
tion of the nematode is t'xtren1ely dense, both in total and Jiving 
numbers. With respect to culms, difference in numbers of living 
nematode due to height difference is not found, while the number 
of total nematodes is small on the thrashed ear. 



Tahle!'i. Distribution of the nematode on straw of affected rice 
plants, examined at the beginning of the next season. 

Number of nematode 
living 

1;1) 2 3 4 5 

30 

28 

30 

:13 

29 

36 

2:J 

26 

28 

Total 287 

o 
1 

:; 

o 

II 

o 

1 

2 

8 

o 

" 
iJ 

o 
2 

II 

1 

2 

o 

0 u 

0 0 

0 0 

0 () 

0 !) 

II 0 

0 0 

0 0 

0 0 

1 0 

o 

32 

:16 

36 

<1.0 

~8 

32 

38 

28 

32 

32 

334 

:"Iumber of 
total nematodes 

2 3 ,I 

o 

!) 

3 

o 

o 

II 

9 

:.j 

13 

7 

6 

,I 

[, 

" ;; 

3 

64 

4 

3 

~~ 

7 

4 

[, 

5 

2 

3 

a) Meaning of the figure is given in Table 4. 

5 

6 

10 

" 
2 

" " 

1i0 

[J,~17.5 Difference between any two of totals of living nemat()de~, 
significant at 5 per cellt level. 

D;;;2:"l.6 Difference between any tv,'o of totals of total nematoai":J, 

significant at S per cent level. 

LONGEVITY OF THE NEMATODE WITlIlN UNHULLRD,(;RAlN 
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It may be not 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 seed 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 th" same 
year were compared with the seed of the current season obtained 
at Hako7-aki, 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 unhullec1-grain is 
m')re than three years, though the number of living nematodes i:~ 

somewhat decreased in comparison with that of the current season, 
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Nematode 
living 
Nematode 
dead 

Total 

T"ble n. Longevity of the nemMode within lluhlllled-grain, 
tested in Nov. 1948. 

Grains obtained in 1945 
from from 

Fukuoka Saga Total per cent 
Station Station 

5,1 72 S2 00 22R 46.9 

51 88 nO 59 25R 53.1 

105 IGU 112 109 486 

Grains obtained in 1948 

at Hakozaki Total per cent 

fi4 77 ~7 61 299 62.9 

27 54 54 41 176 37.1 

91 131 152 122 475 
----- -----------

H()mog~neity test of per cents of living nematodt' 
within 1945 F=O.38 
within 1948 1"=1.22 
between 1945 and 1948 F=21.91 

SEARCIlES FOR THE HOST PLANTS OTHfm THAN RIeF 

AND ITALIAN MILLET 

a) Infection experiment with Aphelenchoides oryzae to Fox
tail (Setaria viridis Beauv.). 

In May 1948, Fox-tail was sown in a pot mixed with the nce 
grain affected by the nematode disease. After one month, the 
seedlings of these plants were picked up ancl planted separately_ 
In September, the present nematode was found, though scanty in 
number, on the ear of Fox-tail inoculated. No symptom had been 
ob,served on the infected plants_ 

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

Table 7. Occurrence of Apheienchoidcs oYyzac in grains of 
Fox·tail (.Setaria i'iridis) infected with the nematorle_ 
ZS replicates of 20 grains each. 

Nematodes in 
Fox-tail grain 

Living Total 

o :2 
5 

o 0 
II I 

:Kematodes ill rice 
grains (infection source). 

____________ ~.i_~~~ 'rota! 

7 8 

0 0 
13 21) 

4 4 
8 l' " 



.--~-. 

Total 

Mean 

o 0 
IJ 

1 2 
11 12 
3 ;I 

o 0 
5 5 
1 8 
6 II 

G 5 

tJ 

" 

7 

(J 

8 

2 

56 

2.24 

4 

7 
3 

1 

8 

2 

81 

:1.24 

5 8 ., 
0 II 

·1 U 
(J () 

7 J:l 

:1 ·1 
5 10 
:-1 7 

22 28 

() [I 

10 13 
12 17 

5 If) 
2 2 

4 8 

'3 " 2 5 
7 II 

J.l 22 
----------

141 :::2:~ 

5.6,~ S.l:IK 
--------~-

J)~3.28 Difference between means of living ne1l1ntodes, 
significant at 1 per cent level. 

D:~~4.:J(j Dilference between means of total nematode,.;, 

significant at 1 per cent level. 
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nematode is able to infect Setaria viridis, though its populat ion on 
the ear is thinner than that of the original diseased rice used for 
the experiment. 

b) Occurrence of the nematode on the ear of weeds 
grown within plots of affected plants. 

In autumn 1948 a large number of the nematode were [ound 
on the ear of Fox-tail (Setaria viridis) grown bet'v'lcen hills of 
Italian millet which were heavily affected by the disease. Mean
while, t he nematode was found on the car of Crab grass IPaniclI1Ji 
sallguill!lle L) grown at the same place; and also it was found on 
the car of Cyperus grass (CyjJcrus iria L.I grown within a hill of 
rice plant affected heavily by the nematode disease. It may be 
probable I h:1I the occurrence of the nematode on these weeds was 



230 

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

The seed grains of thest' plants grown under diseased crops 
were gathered, together with those obtained from way-side, \vert' 
dried and preserved until the following spring. when they were 
counted for their nf~matodes. The results obtained arc given in 
Table 8. 

Table._~. Occurrence of the nematode \vithin preserved seed of 

several weeds, examined at the beginning of next season. 

No. of I\o. of nematode, 
I~rains \Veeds Localitie:; counted with tested G replicates 
(ca.) 

--------_ ... 

Under diseased I Living 10 1" ;-, 7 Setaria firidisc r ) ~\J 
~J 

Italian millet I Dead 4 5 ? 

Pallirum sflnguill(J[l' ditto 50 \ 
Living " " 1 
Dead 2 1 :\ " 

CY/Jerus Under disea~ed IOU { Living 0 0 U () 
Ina rice plant Dead 1 1 

S'et(l1"ja viridis ,.Ii \-'lay-side 70 f Living 0 II (J IJ 
\ Dead 0 1 () 0 

Pmlicum sanguiJla[c dittf) 50 f Living 0 II 0 II 
I Dead II II II II 

Cyperus iria ditto lOO I Living () II U II 
I Dead IJ II () II 

17 
~ 

z 
:~ 

() 

() 

II 
0 
() 

(I 

II 
(I 

- -- - - ---------------- ---- ----------------- -- -------------

<l) A nematode beionging under Crpiwio/Jl1s I'; often f(ltmd. 

It ie obvious that the nematodes al'(' left alive until the follow· 
ing season \vithin dry' seed of Fox-tail (Setaria viridis) and some· 
times of Crab grass, both having come from the plot of diseased 
Italian millet. ·While the living nematodes an' not found in the 
seed of Cyperus grass collected at the hill of diseased rice, they 
were found on the f-Io\\'ers in the prfccding autumn. lNithin tlw 
seed of these weeds collected by the wayside, except for Fox·tail, 
the nematode was not found. II is worthy to note that the 
nematode existed, though scarce in number. on the ear of Fox·tail 
collected by the way·side. 

In all other~~experirnellt no llematode was found on the ear of 
Barnyard grass (i'al1ic1I1JI crlls·galli) collected at heavily affected 
paddy field. Again. at the infection experiments oj i1w nematode 
to Barnyard grass negative results were outained. 
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These data show that the nematode may often be found, 
sometilllCS 1"(-"l11aining alive, in the seed of some weeds which grow 
in the field of affected rice or Italian millet, even "if the weeds 
arc not the true host plants for the pathogen, and that the most 
noteworthy grass is Setaria viridis. 

HIBERNATION (lI' THE PRESENT NEMATODE IN FIELD 

In January 1949, unhulled rice grains heavily infected with 
the present nematode were divided into [our part~, 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, :,) 
inserted in ridge of the same field, and 4) preserved in dry state 
for control. After foui· 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 shuw 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 between 
the preserved control and the treated grains, on the numbers of 
the nematodes both of living or total. 

Tabh: ~j. Numbers of nematodes exist within llnhul1t'd"~rain:o;. 

left out of doors, January to Mwv. 

2" replicates of 10 grains each. 

{~rains in water 

Living Tolal 
nema. neIna. 

0 0 

0 0 
0 () 

[) 1 

0 0 

U (I 

0 () 

!' 0 

0 U 

() 0 

(~rains on ground Grains in soil 

Living Total 
nema. nema, 

0 0 
() 0 

0 1 

0 () 

0 {j 

(I () 

() 0 
(I () 

0 0 

" (I 

Living Total 
nema. nema. 

1 ~ 

0 () 

(I 0 
0 {j 

0 () 

i) II 

0 " 
(I i) 

1 ) 

() 0 

Grains in dry 
state ': Check) 
Liying Total 
nema. nema. 

4 12 
3tl 38 

iO 43 
17 19 

27 :~5 

23 25 
20 24 
B 14 

10 14 

6 9 
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" 0 0 0 (J [) 11 11 
0 1 II 0 [) 0 8 9 
[I 0 II 0 (l 0 H; 2,1 

0 0 0 {) 0 0 8 9 
() " 0 0 0 0 15 1R 

u [) U <) {) 0 H; 22 
[) 0 () 0 0 (l ,j 

I) () (I II 0 () '1 11 
(l () U () 1 1 8 1() 
0 0 0 II 0 () 7 9 

() () () 0 0 () 11 20 
0 I) 0 0 0 0 22 32 
0 {) 0 0 0 0 8 1" d 

() 0 0 0 0 0 6 7 
() () [) U 0 I) 17 15 

--------

Total 0 2 0 1 3 4 359 457 
---------- ---------------

Frean other experiments it IS known that the nematode moves 
vigorously at a temperature ranging from 20' to Z5'C. and scarcely 
moves when below lO'C., and that the longevity of the nematode 
III \vatel' 1S less than 30 days at 20' to 25"C. From these facts, 
together \vith 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 Jeft out of doors would have perished 
due mainly to the attack of microorganisms. and would have 
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 the nl'matout's rernain On Horne graHs, will ue uecurnpuseu and 
will disappear from the field before the beginning of the next 
season. 

SUMMARY 

Thl' nematode can infect Italian millet and a sort of Fox-tail 
(Sefaria viridis'). Barnyard grass (Panicum crus-gal/i) 15 not the 
host plant. 

The nematode situates exo-parasitic within the folded youngest 
kaf of rice before the formation of the -youngest ear. After the 
youngest 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 young flowering glume. From the earing to the flowering 
slage, it is found commonly on the ear--outside of t he flowering 
glume. At the flo wering stage it usually enters the inner side of 
the flowering glume, and is found stuck to the inner wall of 
flo wering glume until next spring. 

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

Examination of the distribution of the nematode 011 rice straw 
at the beginning of the next season, indicates that the population 
of the nematode is extemely dense on the residual grain _ all 
straw' after perfect thrashing, there were found no significant 
differences in numbers of li ving nematode due to height difference. 

The nematode could hardly survive the winter when un hulled
grain is scattered in the field. 
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