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I. Introduction.

Investigations on the physiological specialization of fungi, which are patho-
genic to the cultivated plants has become one of the common subject in the field
of plant pathological studies. Numerous papers have been published on the
specialization of species of the genus Fusarium. However there are comparatively
few reports as to the Fusarium species infecting the fruits and fruit-trees as well
as tropical Gramineae. Consequently the senior writer (Nmsimano 1931a) worked on
this problem of the fruit attacking species of Fusarium, during his stay in
Germany under the direction of Dr. H. W. WoLLENWEBER.

Studies on the physiological specialization of Lisea Fujikuroi Saw., the rice-
“ Bakanae ”-fungus are also few, although it causes one of the most serious
diseases of rice plant in Japan, so that the writers undertook the investigation on
the physiological specialization of this fungus.

1) Reproduced from the writers’ article in Japanese published in the “ Négaku Kenkyd ”.
Vol. 20, pp. 320—345, April 25, 1933.
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As the first step of the studies the writers compared the pathogenecity of
the various strains of the fungus isolated from the *“Bakanae ”-diseased rice
plants. For this purpose it seems reasonable to experiment with rice plant.
However according to the previous experiments (Nisizapo 1932, Nmikano and
Marsumoro 1932), it was found that the pathogenecity of this fungus is manifested
very distinetly on the corn seedlings and the strains showing strong overgrowth
of corn seedlings are also strong to produce the overgrowth of rice seedlings.
Consequently the present writers compared experimentally the pathogenecity of
the various strains of the “ Bakanae -fungus to the corn seedlings.

By the attack of this fungus, the growth of rice and corn seedlings is not
only abnormally promoted but also sometimes much retarded, as shown by
Korosawa (1930), Sero (1928, 1932) and Iro and Smmmava (1931). Moreover the
pathogenecity of a fungus varies during its culture, even within the same strains.

" Therefore the comparison of pathogenecity tested by the abnormal overgrowth of
the seedlings, offers a room for discussions. When a difference in the abnormal
overgrowth among seedlings is observed, it may be assumed that it is caused by
the difference in the viralency of the strains tested. For these reasons, the writers
have adopted the degree of the abnormal overgrowth as the category for the
comparative test of pathogenecity. '

II. Source of the Cultures Studied.

A majority of the strains of the rice-“ Bakanae "-fungus studied were secured
through the courtesy of Prof. R. Takamasg1, Miye Imperial College of Agriculture
and Forestry. Some of the cultures were sent by Mr. K. Kuwazuxka, the plant
pathologist of the Aiti Prefectural Experiment Station. For the sake of com-
parison, some closely related species of Fusarium which were kindly given by
Dr. H. W. Worresweseg, Oberregierungsrat, Biologische Reichsanstalt fiir Land-
und Forstwirtschaft, Berlin—Da.Elem, were also studied. The writers wish to
express their hearty thanks to the above named gentlemen for their kind supply
of the fungus-cultures.

The description of the strains studied are given below :

Strain No. 414, Lisea Fujikuroi Saw., isolated from a “ Bakanae ”-diseased rice
plant in Formosa ; No. 415 the same isolated in Kyoto ; No. 483487, isolated
from a “ Bakanae”-diseased rice plant collected in Aiti Prefecture; No. 488,
isolated from an ascospore produced on a diseased rice culm, which was in the
previous season heavily affected by the “ Bakanae ”-disease in the same prefec-
ture ; No. 602, isolated from a conidium collected in the same locality. (In the
following only the name of the prefecture, whence the strain was secured, is
briefly given.) No. 603, secured from Tiba ; No. 604 from Sizuoka ; No. 605 from
Kanagawa ; No. 606 from Totigi ; Nos. 607—608 from Isikawa ; Nos. 609—610 from
Hukusims ; Nos. 611—616 from Miye ; Nos. 617—619 from ascospores collected
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in Miye; No. 620 from Nagano; Nos. 621—622 from Nagasaki; No. 623 from
Kumamoto ; No. 624 from Oita ; No. 625 from Ehime ; Nos. 626—627 from Koti ;
No. 628 from Kagawa ; No. 629 from Yamaguti; Nos. 630—631 from Hyégo ;
Nos. 623—633 from Tottori; No. 634 from Simane; Nos. 6385—636 from Waka-
yama ; No. 637 from Nara; No. 638 from Siga; Nos. 639—646 from Miye ;
Nos. 647—650 from ascospores collected in Miye ; Nos. 651—653 from Formosa ;
Nos. 654—658 from Miye and No. 667 from Okayama.

Strain No. 410 is Fusarium moniliforme Sg. var. majus Wr. et Ra., the causal
fungus of the “ Pokkah boeng "-disease of sugar cane, isolated in Java. No. 411,
another strain of the same fungus isolated in Mexico. No. 412 is Fusarium monili- '

Jforme 8. isolated from diseased corn in Illinois and No. 413, another strain of the
same fungus isolated in Minnesota, U.8. A. No. 589 is Fusarium mondiforme SH,
isolated from diseased cotton plant in Turkey.

\ III. Methods and Results of Experiments.
i a) Experiment I.

Tise above mentioned strains of the “ Bakanae "-fungus as well as its related
species were grown on boiled stems of Hubum-clover (Melilofus alba DEsr.). After
the mycelial mats and conidia well developed, the cultures were used for inocula-
tion experiments on the corn seeds. Each set of 33 grains of the corn seeds in
a Petri dish was treated with a mixture of equal volume of 50 per cent alecohol
and 0.1 per cent solution of corrosive sublimate for two or three minutes and
washed in sterilized water. After the surface of seeds was disinfected, the seeds
were put in a sterilized Petri dish, to which a piece of the above said cultures on

- boiled stems of Hubum-clover was then added. Then the Petri dish was shaken
for two or three minutes to attach the conidia to the surface of the corn seeds to
be tested.

Galvanized-iron pots, 20 cm. high and 16 em. in diameter, and eontaining
5kg. of fine sand in each, were sterilized under a pressure of 20 pounds for
two hours. Then 0.1 per cent Knor's solution was added. Care was taken to keep
the moisture content of sand in the pots almost similar. Two of these pots thus
prepared were used for each of the strains studied.

On September 9, 1932, the corn seeds were inoculated and on the next day,
16 inoculated seeds were sown in a pot and 17 in another pot of the set. After
sowing, the pots were kept in the nethouse in the daytime and in the glasshouse
at night. When the corn seedlings in the control grew and attained to the length
of about 15 cm., the seedlings were all pulled out from the pots for length-
measurement. The length from the lowest node at the base of a culm to the top
of the longest leaf was measured. The unit used was one em., the fractions over
one half (inclusive) being counted as one and the rests disregarded. The average
length of the seedlings thus measured are given in the fourth column of Table L.
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Table I

Results of the Inoculation-Experiments of Corn-Beedlings with
Various Strains of Lisea Fujikuroi Sawada,

the Rice-“ Bakanae’-Fungus. (I.)

The corn seeds were inoculated on September 9, 1932 and sown on
the next day. The results were examined on September 26, 1932.

Classes in length of the seedlings tested (cm.) -g,,é’ '{é,E g% 8|
Nos. of g% EEC.E 8 3 gu
MWL S o R a8 o §e B e :§§:s~g“s-=§%
madied by e S A E L W & p o etal 3% 8§.§ ) E gs
“~ ®* 02 KR FBI S B =S [Bg M &0
cm. cm. %
No.410 [ — 2 4 10 11 1 — — — — —| 28| 1887| 232 | 849 | 1060
Bl 8 B 8 8 — — o o = = B jonss| 3t | By | 28
TTR O I T T N epepea—— T T AT S TR R
ORI B B eSSt ——— A L A TR R T T
fMUle — 3 821 7 8 — = — —|'29)] 2100] 200 | 579 | 1218
45| — — 4 6 10 8 1 — — — —| 27| 2187 274 | 818 | 1240
83| 1 1 6 10 9 = — = — — —| 27| 1786 21.2 | 818 | 959
484 |— 1 1 3 6 65 10 6 — — —| 31| 2808 342 | 940 | 1548
4851 2 2 6 9 6 — — — — —| 2 | 2080| 282 | 788 | 1188
8| — — 3 2 9 8 1 — — — —| 23| 28068| 286 | e0v | 1204
487 |— — 2 2 5 9 2 6 — — —| 25| 2744| 343 | 758 | 165.3
88| 1 ¢ 2 1 8 6 4 — — — —| 25| 21.20| 204 | 758 | 1881
802 | — B B B e o = 2 | 21.12| 251 | 788 | 1138
603 | — T &0 & — = o= 29 | 19.82| 250 | 879 | 1132
604 |— — 1 6 8 10 4 — — — —| 28 | 2444| 296 | 81.8 | 1340
06| — — — 117 8 2 — — — —| 28] 2498| 278 | 849 | 1258
6086 | — — 2 3 12 8 2 1 — — —| 28| 2735/ 287 | 849 | 1254
0 |— — = 8 911 8 1 — = —|929)]|218] 315 | s79 | 1428
608 | — — — 1 8 9 8 3 1 — —| 28| 2950 357 | 849 | 1618
00— = 810 MW d = = o o 26 | 2050 | 252 | 788 | 1188
lo|— 3 1 8 7 2 — — — — —(16| 1037 284 | 485 | 1069
$lll— — 1 2 9 8 4 1 — — ~|295| o584 807 | 753 | 1994
612|— 1 4 4 11 2 — — — —| 22| 2009| 243 | 686 | 1100
13| — — 1 119 8 1 — — — — |30 2373 27.2 | 909 | 123.2
L N S 18 | 18.72| 237 | 546 | 107.3
615|—- — 1 0 9 14 4 0 1 — —| 20 | 2738 320 | 879 | 1448
pisl— — 1 £ 8 ¥ 8 — — <= |28 | S| v | 607 | 134
=" 2N Pe e o = 26 | 2081 | 247 | 788 | 1118
B (e = SHLE T = = = = {80 05| Be] B | W60
$0f= 1 B 7 8 '8 o= = = = = |25]| 08| 0| s | w8y
80l 1 0 2 9 1 1 = =~ = | 28| 2083 282 | 77| 1278
63l |— — — 1 9 12 6 1 — — —| 20 | 2750 311 | 879 | 1408
R TR R | R — 21 | 1829 | 231 | 6368 | 1048
G|~ - 2.8 10 14 8 — = = |82 8418] 20 | 070 1 1854
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Table I (Continued).

=]

Classes in length of the seedlings tested (cm.) f’cg '{iog g & ,5 '-E.
e L N
el S RN A RN &I §§'§§E 55

-~ o e g RA RS RE] Nz #H3'IR R[S
cm. cm. %
No.624 | — — — 3 6 86 b6 4 4 — | 28 |3379| 41.7 | 849 | 1889
6%|— 1 0 1 411 7 6 2 — —|32]3013| 374 | 970 | 1692
88— - — 3B 7 8 = = — |2l e el
67|~ — — 1 410 7 8 1 — —| 28| 3023| 356 | 78.8 | 161.2
e8l— — — — 811 8 2 8 — —| 30| s077| 870 009 | 1878
o3 (R S| S e ——— T A R R A T
630 | ~~ — 1 $ 10 7 1 1 — —| 36 | 27468| 850 | 840 | 1688
81| — — 1 2 9 7 6 3 2 2 —|32|20.81| 303| 970 | 1779
838 | = = — § 7 18 2 — == = =| 28| 8500] 21| %8 | 1317
633 |— — — @ 815 1 1 — — — |31 2528) 805 | 9e0 | 1882
64| — — — 1 5 6 6 4 — — —| 22| 20.73| 345 | 687 | 1661
@l 1 1. 3 38 8 = ~o an o = 29 | 21.28 | 25.2 | 87.9 | 1141
66|—= — 1 5§ 7 10 1 —~ — = —| 24| 2000] 280 727 | 1987
3 (PR I R ————— I T AR TR T
638 |— 1 0 0 6 11 6 7 — — —| 31 |2094| 367 | 94.0 | 168.2
O e 4 T - 28 | 20.11| 23.2 | 849 | 1049
Bl = = B I T = v o e 2 | 2178 | 242 | 78.8 | 1096
Gl l= 1 1 B B s o oae 31 | 21.61| 263 | 940 | 119.1
62| — — 3 110 9 5 0 2 — —| 30| 2880]| 338 | 909 | 1630
M | = = = Jil IL & 2 — = = =|98 | 2248| 271 | sa0 | iz2%
644|— 1 1 4 11°'8 1 — — — —| 28| 2323| 2756 | 788 | 1244
645 | = — — 1 7 11 6 1 — — —| 25| 2720| 312 | 758 | 1412
646 | — — 2 4 9 8 7 — — — —| 28| 2600| 318 | 849 | 1439
847|— — 2 5 9 9 8 — — — —| 28| 23.82| 289 | 849 | 1308
648 | — — 1 6 11 6 1 — — — —| 2 | 2284| 279 | 76.8 | 128.3
649 |— 1 4 14 6 2 — — — — —| 27| 1858| 228 | 818 | 1032
850 |— 1 1 6 4 1 — — — — —| 13| 1862| 220 | 394 | 995
) [PUCRERS R W Ny SRR 24 | 19.66 | 23.1 | 72.7 | 1046
Bl & 1 5 B B e i 2 | 2180 | 264 | 76.8 | 1149
83 | — 1 118 9 4 — = = —~ —| 3|02 | 20| 800 ]| uss
Bk | — — — § 17 B 3 8 — |55 | 8008 840 | 840 | jzen
666 | — — 1 4 10 10 2 1 — — —| 28| 2543| 807 | 849 | 1390
66 |— — 3 5 5 6 2 2 — — —| 23| 2461| 313 | 9.7 | 1417
67| — — — — 8 5 8 6 2 — —| 2 |31.42| 379 | 7188 | 1718
68 |— 1 4 11 5§ 6 — — — —-—| 26| 2000] 257 | 788 | 1163
87|~ 1 0 4 711 8 1 — — — |90 | 2800] 821 | o9 | 1963
Control [ 1 6 8 19 8 1 — — = o — 42 | 16.64 | 22.1 | 840 | 1000

According to the above table, there are pretty big differences in the length
among the seedlings infected with various strains of the rice-“ Bakanae “’-fungus.
It is easily perceived that the various strains are different in the power to produce
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the abnormal overgrowth of the corn seedlings. But it is very rare that all the
seedlings in a pot show overgrowth even in the case of a strain provided with
strong pathogenecity, so that the mean length of all the seedlings in a pot seems
hardly to represent the real degree of the seedlings-overgrowth for the strain
studied. To understand this relation more clearly, the measurements were -
grouped into classes of 1—b5, 6—10, 11—15 cm. etc. and the frequency of these
groups was also given. The result is shown in the second column of.Table I.
All the seedlings of the control belong to the class of 21—25 cn. or less, with one
exception, which lies in the class of 26 —30 cm. ; while a majority of the seedlings
of the following twenty-five strains belongs to the classes of 26—30 cm. or more :
Strain Nos. 484 ; 487 ; 604 ; 607 ; 608 ; 611; 615; 620; 621 ; 623 ; 624 ; 625; 627 ;
628 ; 630; 631; 632; 633; 634; 638; 642; 615; 654 and No. 657. It is clear that
these strains are able to cause the overgrowth of the corn seedlings. Both the
strains No. 410 and No. 411 are Fusarium moniliforme Su. var. majus Wr. et Ra.,
the causal fungus of the “ Pokkah boeng "-disease of sugar cane. These strains
produced no overgrowth in this experiment, although the latter strain had caused
a slight overgrowth on corn seedlings in the senior writer’s experiment in Berlin-
Dahlem. The strain Nos. 412 and 413, belonging to Fusarium moniliforme Sa.,
caused no ovérgrowth of corn seedlings.

To compare the degree of the abnormal overgrowth of the corn seedlings
more clearly, mean length of ten overgrown long seedlings (30 per cent of the
total sown seeds) out of thirty-three seedlings was determined. The result is
given in the fifth column of Table I. Then the ratios of the mean length of each
of the inoculated seedlings to that of.the control were also calculated and multi-
plied by 100. It is provisionally called “ Overgrowth index ”, and is given in the
last column of the same table. The examination of the table shows that the over-
growth index of fourty-two strains lies above 120, moreover that of twenty-three
strains among them above 150. These strains may be concluded to have the
power to produce the overgrowth of the corn seedlings.

b) Experiment II,

The cultures of above said seventy-one strains of the “ Bakanae -fungus and
its related species on boiled rind of water melon® were used for inoculation of
the corn seeds, as described previously. The inoculated corn seeds were sown in
pots of galvanized iron, and the seedlings were grown under the same condition
as in Experiment I. After 16 days cultivation, the seedlings were pulled out and
the length was measured. As shown in Table IT, the results were almost similar
to those secured in the first experiment.

1) The medium was prepared in the following manner: A piece of rind of water
melon, about 30 mm. long, 7 mm. thick and 7 mm. wide, was inserted into a test tube with
addition of small quantity of water, and sterilized in an autoclave at 16 pounds pressure
for 30 minutes.
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Table II.

Results of the Inoculation-Experiments of Corn-Seedlings with

Various Strains of Lisea Fujikurot Sawada,
the Rice-“ Bakanae ”-Fungus. (II)

The corn seeds were inoculated and sown on September 24, 1932,
Tne results were examined on October 10, 1932,

119

Classes in length of the seedlings tested (cm.) :E)'g’ ?‘DE " o g i

placls S [ F
[~ [=3 »

sodied |5 5 0 5 2§ 0 T 0% %l §e¥|82E | 5F

- e =22 R8F88F LR 2L |Rg M & O

cm. cm. % '
Nodigj= 1 28 1 — — — — — = =30 [q2%e| 143} ohs ] voa
Nl e B 10 I = = = == = =188 9108 A8+ Bl [ 850
F2IN g g Al e E o S 25 | 12.84 | 14.7 | 78.2 | 94.2
dal— 8 28 B = —— e mmia| 200 NS Es " 145 bost | p2p
44 [ 1 B 1'10 7 8 — — =2 | 217 818 90| B08
5= WY e el e e 28 | 1229 | 141 | 785 | 904
488 I Bl L e s e £ 26 | 12.19 | 144 | 813 | 923
81| — 8 11 10 2 2 — — = — = 28 | 16.04 | 214 | 87.5 | 187.2
486 | — 3 17 8 — — — — — — — |28 ]| 1438 176 | 875 | 1128
488 | — 1 12 12 2 — — — — — —| 27| 1562| 180 | 844 | 1155
487|—~ 1 8 11 6 7 1 — — — —| 29| 21.83( 804 | 908 | 1949
188 WS = = as e el 31 | 11.65| 133 | 989 | 80.2
BEG ([N B 180 vl i A e e 30 | 12.83| 142 | 938 | 910
8021 — B U — - — — — = — — 29 | 21.17| 139 | 90.8 | 89.1
GR [l==) RIET W s e = e 31 | 1274 | 147 | 989 | 94.2
QO£ f— = 1 0 § 14: B == =~ == —| 26| Zrov | 8Su1| %8s | 1004
BRI — (7 05 4|2 = o s = 26 | 1746 | 205 | 81.3 | 181.4
sl E =Bt ) N =t o= 30 | 20.03| 230 | 93.8 | 1474
BOTIF=" — B 16 21 e 26 | 1746 | .205 | 81.3 | 181.4
B8 | — = 2 8 1B B ="— — — = | 811 2208] 289 969 | 1832
69—~ — — 1 2% & —— —-— —|8 | 2810] 255 | 938 | Poa
610/ — 1 0 1 12 11 B — ="— —| 80 | 2838/ 800 | 988 | 1981
811 |— 1 7 16 1 — — — — — —| 25| 1818 182 | 78.2 | 1187
Cap e (M TR SR SRt R T e T I X T
SIS S T TR T e e e et 29 | 13.24 | 169 | 90.6 | 108.3
Bl — 8 BB = o e e = | BRI R4 | I88 4] 875 | BAM
BI5|=_1 9 12 5 1 — - — — — 28 | 17.00 | 207 | 87.5 | 182.7
616 | — — 4 14 4 0 1 — — — —| 23| 1848| 217 | 719 | 1391
BTN 2090 8 — — = = e mdipg I 1338 a et Yol | 938
B8 L4 2 3] 7 = — = = = — =99 1285" 160" 8&4 ] I026
SR [ R R 28 | 12.25 | 149 | 8756 | 955
B2Dii— 1 8 § 0 2Ll —.— =2t ] 2017 281 750 | 1874
GRS T VT B = 30 | 2033 | 258 | 93.8 | 1641
TR L8 T B e i i el ) s 28 | 1404 | 183 | 875 | 1045
Gl [ (RS T 5 T [ 31 | 2274 | 28.3 | 96.9 | 181.4.
624 | — —~ 2 8 7 10 5 — — — — |32 2413| 30.3 | 1000 | 1943
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Table II (Continued).

Clasres in length of the seedlings tested (cm.) ﬁg’ f’o E " g 2| s

Xt £33 5.%.5 £ 5 gﬁ
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[=] =]
cm. cm. %

No. 626 1 119 9 — — — — — — —| 30| 144 16.6 93.8 108.4
628 | — 2 18 8 —~ — — — — — —| 28| 18,14 171 876 | 109.8
827 |~ — 6 13 5 1 — — — — — 125 | 17768 | 218 78.2 | 139.8
628 | — 3 22 4 — — — — — — — | 290 | 1362 | 16.6 90.6 99.4
6290 | — 1 21 9 — — — — — — —| 31 14.23 | 18.1 98.9 103.2
830 | — 2 6 18 4 1 — — — — — |30 | 1793 213 93.8 | 136.6
831 | — 1 4 4 — — — — — — — |29 14.10 | 16.8 906 | 1013
632 | — — 6 18 2 1 = — — — —| 27| 1733 204 84.4 | 130.8
633 (— — 1 18 6 8 — — — — — |31 ]| 2171| 285 96.9 | 169.8
634 | — — — 9 10 8 b6 — — — —| 32 2428| 300 | 1000 | 192.2
83 |— — 20 9 — — — — — — —| 20 | 16.00| 189 90.6 | 108.3
636 |~ — 2 18 13 1 1 — — — —| 30| 2117 248 93.8 | 158.4
837 | — 2 12 9 — — —= — - - - 23 | 1430 | 183 719 | 104.6
68| — — 1 2 0 2 9 6 — — —| 20| 31.75| 353 625 | 226.8
830 | — — 8 17 0 1 — — — — — 24 | 17.04 19.3 75.0 | 123.7
840 1 0 12 17 1 — — — — — — 1| 31 | 15677} 179 96.9 | 114.3
641 | — — — 2 7 16 3 =- — — — | 27| 2848 | 2956 844 188.6
682 |-~ — 1 7 9 10 1 — — — —| 28] 2321 | 28.1 876 | 179.6
643 | — 1 11 8 — — — — — —= —| 20 1446 | 183 625 | 104.2
644 |—~ — 6 20 b6 - — — — — —| 30 17.80 | 205 93.8 | 131.1
646 | — — — 2 B8 12 2 — — — —| 22| 28650]| 20.7 688.8 | 189.9
68468 1 1 6 20 3 1 — — — — — 32 | 1731 | 21.3 | 1000 | 138.1
647|— 1 0 0 9 10 7 1 — — —| 28 | 2704 320 87.6 | 204.6
648 | — 2 2 7 9 4 — — — — — 24 | 21.00 | 257 | 760 | 164.3
649 ([~ 1 10 20 — — — — — — — |31 | 16.10( 18.2 969 | 116.4
660 | — — 18 11 — — — — — — — 29 | 16.10 | 18.8 90.6 | 1124
81 | — 1 24 — — — — — — — —| 25| 1308 143 78.2 914
852 | — 2 28 — — — — — — - 28 | 1260 | 14.0 87.6 894
663 | — 1 b 18 b 2 — — — — —| 29| 1834 23.0 90.8 | 147.1
864 [—~ 3 17 8 — — — — — — | 28| 1386 16.1 87.5 | 102.8
856 | — 2 3 10 18 — — — — — — | 28 19.43 | 232 87.6 | 148.2
866 | — — 2 16 10 0 1 — — —~ —| 29 | 1890 236 90.6 | 150.8
87|~ — 1 6 8 18 8 — — — —| 27| 2478} 801 844 | 1924
668 | — 3 26 4 — — — — — — — 32 | 13.78 | 16.7 | 100.0 | 108.8
8687|{— 1 0 3 7 8 1 — — — —| 20| 2390 25.1 | 626 | 160.4

Control | — 2 64 5 — = — = — — — 81 1346 | 16.8 96.3 100.0

¢) Experiment III.

The pots of galvanized iron containing sand, used in the first experiment,
were once more employed in this experiment. After the corn seedlings and
pieces of the roots grown in the first experiment were sieved off, the pots were
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sutoclaved under 15 pounds pressure for 30 minutes. The fungus cultures tested,
were grown on boiled rice in test tubes, and were added to the disinfected corn
seeds in Petri dishes and shaken thoroughly. The inoculated corn seeds were
sown on September 29, 1932, and the results were observed on October 13, 1932.
They are given in Table ITL

Table IIIL
Results of the Inoculation-Experiments of Corn-Seedlings with
Various Strains of Lisea Fujikurol Sawada,
the Rice-* Bakanae ”-Fungus. (III)

The corn seeds were inoculated on September 28, 1932 and sown
on the next day. The results were examined on October 13, 1932.

w a
Classes in length of the seedlings tested (cm.) '-E%o f:,é g % g '§
Nos: of g % <8 ’E"‘ 2 £ "
strains = o o = o -8 4 51§88 Eu'U
sodied | 5 0 F 2 F % T 9% 9w §2¥|55F(E E| 2°
D2 F 8383 ¢S 2Z |BZ M & O
= cm. cm. %

No.410 | — 15 10 = — — — — —_ - | 26 | 10.00 11.8 78.2 85.56
411 [— 6 15 w= = = - — — — — |21 11.14 | 124 65.6 89.8
412 2 17 6 — — — o = - — —| 24 8.42 10.2 75.0 73.9
413 1 3 27 =+ — = — == — = —| 31 11.65 13.4 96.9 97.1
414 | — — 2 5 4 6 1 — — — —| 18 22721 270 56.3 195.7
416 | — — 3 6 17 2 — — — — | 28| 2129 249 87.5 | 180.5
483 | — 9 16 — — — — = — — — | 25 10.68 12,1 78.2 87.7
484 | — — — 3 5 15 1 — — — —| 24 | 2550 | 285 75.0 | 208.7
ass— 1 1 @il 7 1L — — — — 21 [ERllers g5k | 1878
486 |— 1 O . 2 5 7T 2 — — — |17 24.82 28.7 53.2 | 208.0
487 |— 1 1 1 2 14 5 — — — — | 24| 2692 309 75.0 | 224.0
488 1 7 20 — = — — o — — | 281 1111 12.9 87.5 93.4
589 [~ 8 7 == — — e - — — —| 16 10.40 | 11.2 46.9 81.8
602 [—~ 4 26 —— — = — — —_ — — 1| 30 11.87 13.3 93.8 96.3
803 [— 6 17 1 — = e o — — — | 23 12,09 | 13.8 71.9 | 100.0
604 | — — — 1 9 9 11 — — — —~—| 30| 2787| 328 93.8 | 236.2
606 [— — 5 7 9 11 — — — — —1! 39 22.66 | 28.6 | 100.0 | 2073
606 | — 1 1 4 5 7 3 — — — —]21 24.14 | 284 65.8 | 206.0
607 |- — 1 4 5 13 3 — — — —1| 28 | 25.39| 301 81.3 | 218.2
608 [— — 2 4 3 7 6 — — ~ —| 22 2520]| 306 68.8 | 2218
609 | — 1 6 6 7 — ~—~ — — — —| 20| 1780 218 62.5 | 1566.6
610 | — 2 3 5 2 6 b 1 — — —| 24| 2250 320 75,0 | 2320
611 ] — 2 1 5 6 16 2 == — — —| 31 2360 | 28.8 96.9 | 207.2
Bl12 | — 7T 24 o~ oo — — — - — 31 11.26 | 129 96.9 93.3
13| — — 16 10 — —= == — — — —| 2 15.20 | 16.8 78,2 | 121.8
814 | — 5 26 — — o — — — — — | 30 12.13 13.7 93.8 99.2
616 |— — 1 2 8 13 4 — —~— — - | 28| 2870 | 30.2 875 | 219.0
616 | — — — ~— 2 8 18 4 — — | 30 | 3150 352 93.8 | 256.2
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Table IIT (Continued).

|

Classes in length of the seedlings tested (cm.) 'ﬁgﬂ ﬁg gl & 5| &

Nos: of 8:53 EE".E g 3 Eg

PRI R

studied| 7' v 4 4y t 1 1 ¢ 1 i 1 [Total 52“ 88% § E| 87

- r SR EEREER- 52 (22|~ 8|8
cm. cm. %

o |~ — ¢ 12 1 1 — = — — —| 18| 1780 108 | 563 | 1458
Bl |~ — 2 8 211 1 — — — |28 |2ea] =3 ]| o | 2081
B e T 8 § = = o e e = | 31118881 31 | 960 | 1084
623 | — 2 8 6 2 4 — — — — —| 22| 1754| 280 | @8 | 1687
B = « 2 1 6 9 8 = — = «|38| 85| 02| 7o | 2189
68| — — — — 8 10 18 1 — — —| 27| 92090 838 | 844 | 2188
8 = = 1 2 8 8 6 — — — | 22| DodB| 513 | 838 | 2089
Bl = 2. 8§ B B = « = «= | 18] 2288) 287 | 525 | 1958
A= B W — = — = = = e —| 8] el 188 |60 ] W8
08 [~ # 80 - = — ' = — |28 ]| 18| 128 875 | B13
01~ 1 1 8 8 ¢ 6 — — = |22} 2880| 287 | 888 | 2080
@1 |— —~ 2 4 8 & 1 — — — —| 14| 2260 208 | 88| 1885
632 | — — 4 8 4 7 8 — — — —| 24| 2292/ 207 | 7.0 | 2163
633 [— — —- 6 9 8 — — — — —| 28| 2365 278 | 719 | 2000
8| ~ 2 8 11 5§ 8§ — — — —| 27| 28p0| 0 | 84 | 208
B8~~~ 1 6 8 8 — — ~ — — 25| 2343} 285 | 1o | 1940
6% |— 1 0 2 6 8 3 — — — — |20 2380] 205 | 625 | 2138
887 [— 8 98 1 — — — = — — —| 80 | 1286| 145 | ps8 | 1087
888 | — 1 8 8% B 5 8 — — — —| 20| B2d0| 288 | 825 | 2051
B BB B i e o e — —| 29| 1320 153 | 90.6 | 110.8
840 [— 2 7 4 1 — — — — —| 14| 1521| 170 | 438 | 1232
M1 |— 1 5 ¢4 4 5§ 1 — — — | 20| 2860|249 | 825} 1804
Bit— 1 1 8§ 710 1 1 = = |3 [9450.] %01 | 782 | 2ise
3| — — 5 10 8 3 1 — — o i 28| 1080 20| o | BL2
Gbjos — 8 315 7 — — — — —| % (‘2890 282 | 815 | 18080
86 | — — 2 3 4 10 4 — — — —| 28| 2048) 204 | 719 | 2131
b= - = BI0 11 T — = o | B8 | 858 22| 825 | 2182
M7 | 2 1 9 10 10 — = = o o —| 25| 18821 228 | 7R3 | 16838
B[ — B i1 8 1 = == ==} 98| 8] 24 | 88 | 0¥
TR 3F | (P —— — — —| 2 | 1160] 131 | 813 | 949
RS R T PSR TR — S LU T T
Bl & B W I~ = — = = =|2%]iess]| B0 | r1 | 1508
B 2 9 10 = = o e o | 32 | 2408] 8F |2000 | 1210
653 | — 1 3 5 4 7 2 — — — —| 22| 2222| 283 | 688 | 2050
Bl B 9 8 H e — o = 20| e vk mea ] asea
656 | — — — 8 10 14 8 — — — —| 30| 2510] 20.2 | 938 | 2118
Bl = 3 B M T e o e e 28| 26 207 e ) @68
il 1 0 B 16 4 — — — —| 27| 253 305 | 844 | 2211
B B 8 = e s i i 14 | 1157 | 134 | 438 | 971
67|— — 2 0 6 14 2 1 — — —| 2 | 2864 3.0 | 782 | 2247

Control [ — — 47 — — — — — — — —!47|1238| 138 | 734 | 1000
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The results given in Table III, are almost similar to those of the two previous
experiments. But the abnormal overgrowth is much more prominent. In this
experiment the overgrown seedlings were more slender, lanky and yellowish than
those in the previous experiments. They were easily distinguished from the
normal grown seedlings not only by the length but also by the color and shape
of seedlings. Moreover the degree of the overgrowth was much greater than that
in the previous experiments. While the overgrowth indexes in two previous
experiments were all under 200, those in this experiment were above 200 in case
of the following thirty strains: Strain Nos. 484 ; 486 ; 487 ; 604 ; 605 ; 606—608 ;
610—611 ; 615; 616; 621 ; 624—626 ; 630 ; 632—634; 636 ; 638 ; 642; 645; 646;
653 ; 655—657 and 667. ;

As stated above, the same sand in the pots used in the first experiment was
repeatedly used in the third experiment, although they were autoclaved. For this
reason, the pathogenic substances produced in the first experiment might have
remained in the pots and doubled the pathogenic action.

The above given results show that there are great differences in the patho-
genecity among various strains tested, and also that the pathogenic substances are
not destroyed by heat, at last, by the temperature under 120°C., as reported by
some authors. -

IV. Discussions.

The results of the above given experiments may be now considered con-
clusively. For the sake of comparison, the overgrowth index of the three experi-
ments is tabulated and given in Table IV, in which the average of three index
is given. The sames are also given graphically in Figure I, in which the over-
growth index is given on the ordinate, and the number of the strains tested are
placed on the abssissa in order of the mean value of the overgrowth index of the
three experiments.

(See Table IV on 124—125 and Figure I on 126—127.)

Table IV as well as Figure I show that the overgrowth index of thirty-one
strains are above 120 throughout three experiments and those of twenty-four
strains above 130. On the other hand, some of the strains show none or a little
overgrowth. Among the strains which show no overgrowth, strain, Nos. 412, 413
and 589, belonging to Fusarium moniliforme Sn. and Nos. 410 and 411 of Fusarium
moniliforme Su. var. majus Wr. et Re., are found. It is also hoteworthy that the
growth of the seedlings inoculated with the last stated five strains is rather
hindered.




124 Y. Nisixano, H. MamsuMoro and K. YaAmavrr:

Table IV.

Summary of the Comparisons of the Overgrowth Index of
the Corn-Seedlings, resulted by the Inoculations of
Various Strains of Lisea Fujikuroi Sawada,
the Rice-“ Bakanae ”-Fungus.

S —————

Overgrowth Index of corn seedlings
Nos. of strains
tested Experiment | Experiment | Experiment prm—— o
I I I
No. 410 105.0 904 85.5 93.6 67
411 96.8 86.9 89.8 90.8 89
412 104.1 94.2 739 90.7 70
413 95.8 92.9 97.1 95.3 6
414 121.8 200.8 195.7 172.7 14
. 418 124.0 90.4 180.6 133.1 4
483 95.9 92.3 87.7 “oLY 68
484 154.8 137.2 206.7 169.8 16
485 118.8 1128 197.8 143.1 41
486 120.4 1155 208.0 150.9 37
487 155.3 194.9 224.0 191.4 4
488 133.1 80.2 93.4 102.2 B8
589 == 91.0 81.8 86.4 72
602 113.8 89.1 96.3 99.7 62
- 603 113.2 94.2 100.0 102.5 57
604 134.0 199.4 236.2 189.9 5
805 1258 1314 207.3 154.8 34
606 125.4 1474 206.0 159.8 29
607 142.8 1314 218.2 164.1 26
608 161.6 153.2 221.8 178.9 9
609 118.8 163.5 156.8 146.2 39
810 105.9 198.1 232.0 178.7 10
611 1394 116.7 207.2 164.4 35
812 1100 90.4 93.3 97.9 64
613 123.2 108.3 121.8 117.8 47
614 107.3 88.4 99.2 98.3 83
615 144.8 132.7 219.0 165.5 23
616 1344 139.1 265.2 176.2 11
617 1118 93.5 65.2 90.2 7
618 105.0 102.6 94.9 100.8 60
819 108.7 95.5 1189 107.7 52
620 127.8 1674 143.5 148.2 40
821 '140.8 164.1 205.1 1700 15
822 104.6 104.5 109.4 108.2 b4
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Table IV (Continued).
Overgrowth Index of corn seedlings
Nos. of strains :
tested | Experiment | Experiment | Experiment Kol Order
I II IIT
No. 623 1356.4 1814 166.7 161.2 28
624 188.7 194.3 218.9 200.8 1
825 169.2 108.4 2435 173.0 13
626 134.1 109.6 226.9 166.9 31
827 161.2 139.8 193.8 164.9 24
628 187.5 99.4 90.6 119.2 46
629 98.7 103.2 91.3 9.7 66
630 168.8 136.8 208.0 187.7 19
631 177.9 101.3 185.5 154.9 33
832 131.7 130.8 215.3 159.3 30
833 138.2 169.8 200.0 169.3 17
634 156.1 192.2 210.3 186.2 8
835 114.1 108.3 194.9 139.1 42
836 128.7 168.4 213.8 166.3 21
837 101.4 104.6 103.7 103.2 56
638 166.2 226.8 205.1 199.4 2
839 104.9 123.7 110.8 113.1 49
840 109.6 114.3 123.2 115.7 48
641 119.1 188.6 180.4 162.7 27
642 153.0 179.8 218.2 183.8 7
643 122.7 104.2 181.2 136.0 43
6844 124.4 131.1 189.9 148.6 38
645 141.2 189.9 213.1 181.4 8
646 143.9 136.1 L2181 1644 26
647 130.8 204.5 165.3 166.9 20
648 126.3 164.3 169.7 153.4 36
6849 103.2 1164 94.9 104.8 66
850 99.5 112.4 94.2 102.0 59
651 104.8 914 130.5 108.8 50
852 114.9 89.4 121.0 108.4 51
853 113.2 147.1 205.0 1565.1 32
854 1568.0 102.8 126.1 129.0 45
656 139.0 148.2 211.8 166.3 22
6568 141.7 150.8 215.3 169.3 18
857 171.8 192.4 221.1 195.0 3
668 118.3 106.8 97.1 106.7 63
667 1356.3 160.4 224.7 173.6 12
Control 100.0 100.0 100.0 100.0 81
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Many strains which showed strong pathogenecity, were secured from the
conidia. On the other hand, some strains isolated from the conidia, [e. g. No. 483
(Aiti), No. 602 (Aiti), No. 614 (Miye), No. 612 (Miye) and No. 629 (Yamaguti)]
showed no overgrowth. Among the strains isolated from ascospores, some
(e. g. No. 847) showed strong pathogenecity, while the some others (e. g. No. 650)
were contrary. The differentiation seems to be indifferent by the locality, where
the strains were secured. For example, the strain No. 657, No. 656 and No. 655
produced prominent overgrowth, the overgrowth index being 195, 169.3 and 166.3
respectively, while the strain No. 658 no overgrowth, although all these were
isolated in Tu, Miye Prefecture. Among the strains secured from Aiti Prefecture,
the pathogenecity of No. 487 and No. 484 was strong and No. 483 and No. 602,
very weak, the overgrowth index being 191.4 and 169.6 in the former and 91.7
and 99.7 in the latter respectively.

Further the strains studied were grouped after the index number of ab-
normal overgrowth into classes, such as 100—110, 110—120, 120—130 ete. The
result is given in Table V.

Table V.

Distribution of the Overgrowth Index of the Corn-Seedlings,
resulted by the Inoculation of Various Strains
of the “ Bakanae "-Fungus.

Chisses "’8 =2 8§ 8 § B &8 E B & B =B
Of — 4 — ~— — — — — — — N ™~
overgrowth| o o g o I 2 2 @ 8 © £ 9 <
" index 8 8 8 2 8 8 £ 8 8 B 8 8 §
483 488 @613 654 415 485 488 484 414 604 487 624
602 603 628 835 609 605 607 608 634 638
612 618 639 643 620 606 615 610 642 657
814 619 640 644 611 623 618 645
617 622 626 627 621
Nos. of 620 637 831 630 625
; 649 632 633 667
ik w4 650 848 638
tested 851 853 641
652 646
410 658 647
a1l 655
412 856
689 413 Control 658
Total 041 6+4 11+1 4 1 3 4 9 13 7 4 3 1

Remarks: In this table the strain-numbers underlined are not the rice-“ Bakanae ”-
fungus. In the line of total, the figures following plus sign (+) show the
sum of the abeﬁ said straing, not belonging to the “ Bakanae ”-fungus.

® In strict sence the classes 80—80, 90—100, etc., mean 81—90, 91100, etc.,
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Table V shows two modes in frequency number of classes. One of the modes
lies in the class of 100—110 in which eleven strains are found. In the group of
this mode, six strains belong to the class 90—100 and four to the class 110—120.
Above all twenty-one strains, which belong to this group, may be assumed as
non-pathological to corn seedlings. Those strains of Fusarium moniliforme Su. and
its variety F. moniliforme Su. v. majus Wr. et Ra. are found in the class 90—100.

The dther modes lies in the class 160—170, in which thirteen strains are
found. In this group, nine strains belong to the class 150—160, seven to the class
170—180, four to the both class 140—150 and 180—190, three to each of the class
130—140 and 190—200 and one to the classes of 120—130 and 200—210. These
fourty-five strains are able to produce the abnormal overgrowth of the corn
seedlings. Above all Table V shows that the strains studied in the present
experiment may be clearly devided into two groups, one of which is non-patho-
genic to the corn seedlings and the other strongly pathogenic. Physiological
differentiation in the pathogenecity among various strains of the rice-“ Bakanae ”-
fungus, Lisea Fujikurot Saw., is clearly demonstrated in the writers’ experiment.

V. Summary.

1) The present paper is the first series of the reports on the physiological
specialization of species of Fusarium, and deals with the differentiation in the
pathogenecity of strains of the rice-“ Bakanae "-fungus, Lisea Fujikuror Saw.

2) In this experiment, sixty-six strains of the rice-“ Bakanae "-fungus,
collected from various localities in Japan, were used for inoculation to corn
seeds. For the sake of comparison, five other strains of the form species Fusarium
monilifarme Su. and F. moniliforme Su. v. majus Wx. et Re. were also tested.

3) Asalready reported by the senior writer, the rice-“ Bakanae "-fungus is
able to show a more distinct symptom of the disease, or an abnormal overgrowth,
on the corn seedlings rather than on the rice seedlings. Therefore the corn
seedlings, inoculated with the pure cultures of the above said strains, were sown
in sand in the pots, which had been sterilized in an autoclave. The corn seedlings
from the inoculated seeds were compared as to their abnormal overgrowth.

4) The result of the experiment shows great differentiation in the patho-
genecity to the corn seedlings, among the strains of the rice-“ Bakanae ”-fungus.
The differentiation seems to have little relation to the source of cultures, espe-
cially to the locality, whence the strains were obtained.
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