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Intreduction

The “bud blight” of mulberry trees, Megare-disease, is one of the most
destructive diseases of mulberry stems. It is caused by Gibberella lateritium
{(NEES) SNYDER et HANSEN [Fusarium lateritinm (Nses) SNYDER et Hansen](®),
and spreads over the wide portion of Japan.

Many investigators(2.12.19,6.13,34,10,31,35, etc) have published papers on this
disease. But it is to be regretted that their descriptions have only dealt with
the symptom and the some characters of the causal fungus and have not
come to deal with the pathology of this disease.

The present research was begun'61” under Prof. Hemmi’s guidance in
the Laboratory of Phytopathology and Mpycology of Kyoto University, and
was continued, since 1945, at the Faculty of Textiles and Sericulture of
Shinshu University. The writer intended always to make clear the patho-
logical differences between this disease and that disease of the “blight’” of
muiberry trees, Dogare-disease. The latter is also one of the most
destructive disease of mulberry stems spreading mainly over the heavy
snowfall zenes in Japan. AORI® has done pathological investigations con-
cerning the occurrence of the latter diseass in the heavy snowfall zones.

The writer must record here his heartiest thanks to Emeritus Prof. T.
Hemwmi and Prof. S. Axal in Kyoto University, and also Dr. Y. Yenpo, the
former Professor of phytopathology of his Faculty, and Dr. R. TAcGucHI,
Professor of plant physiclogy of his Faculty for their kind suggestions and
advices. He also wishes to express his thanks to Mr. M. Naxamura, Assis-
tant Professor of English of his Faculty, who kindly assisted him in the
composition of this paper and Mr. Y. SARKURAL an assistant of his Laboratory,
VVIhO heartily assisted him in the experiments of these studies. The writer’s
thanks must aiso be given to Ministry of Education, which especially provided
bim with part of the expenses of this study.

I. THE SEASONAL CHANGE OF FORMATION OF SPORODOCHIA
AND PERITHECIA OF THE CAUSAL FUNGUS

The ““bud blight” of mulberry trees is spread by the conidia and ascospores
of the causal fungus. They are produced on sporodochia and in perithecia
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which are formed on the surface of dead mulberry stems. The writer in-
vestigated the seasonal changes of formations of sporodochia and perithecia
during the period from 1946 to 1949 at Ueda.

(1) Methods

Mulberry stems are cut into the pieces of 10 cm length, and each of
these pieces is put into a test tube with a little water in it. And being
plugged up with cotton, the test tube is sterilized with steam. This is
called here a mulberry stem medium. On the surface of this mulberry stem.
medium, typical sporodochiaz appear after about 10 days’ culture, breaking
out cork layers or lemticels from inside. Perithecial stromata forming typical
perithecia on them also appear on these mulberry stem media after about a
month’s culture. The writer investigated the seasonal changes of formations
of sporodochia and perithecia by culturing the causal fungus on this mulberry
stem medium.

The inoculation was done three times a month (on 5, 15 and 25 day) on
each group of five test tubes of these media. The inoculated media were
kept under the room temperature and diffused light in the laboratory. And
sometimes sterilized water was slightly added to the medium to keep them

damp.
a (2) Results

These investigations were carried on for three years, that is, (one year)
from June of 1946 to May of 1947 and (two years) from the beginning of
1948 to the end of 1949 on 3-4 strains of the causal fungus. The results are
given in the tables 1 and 2. In these tables the average numbers of sporo-
dochia and perithecial stromata which were measured after a month’s culture
and two months’ culture respectively are given.

(3) Discussion and Conclusion

Table 1 shows that formation degree of sporodochia of each strain is
fairly various according to the years during which the experiments were
carried on. The differences can not necessarily be attributed to the differences
of temperature and other environmental factors of these years. Though the
immanent power of the fungus which causes these changes is not known to
the writer, it seems to influénce upon the changes of the formation degree.
" When the total amounts (or the average numbers) of the formed sporodochia
of all strains in each month during these three years are to be discussed here,
he must say that the formation of the sporodochia begins in March and ends
in December, and is most vigorous in mid-summer (see Text-fig. 1 as- well
as Table 1).
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Table 1.- Showing the seasonzl changes of formation .

b o

Cultured T%‘Eg‘;r;tgsﬁugzc) Number of sporodochia T%?ff;gtfiﬁu(;@ Numbar

period Aver- A;e;‘-‘ Aver- f‘ A"er-[ Aver-i Aver- |
aéﬁé (I;f age oflage of Nlo. Nzo. N40 . A:e: agé of|lage ofjage of N.f - Nzo "
Max. | Min. | Med. | £ | Max. | Min. | Med.

5/1—5/1I 11.22 8.10l 9.52 0 0 0 0| 14.60, 9.23 11.65 0 0
1511511 | 11.23 7.63 9.57 0 0 0 0| 14.66| 9.32 11.25 0 0
25/1—25/11 11.24) 7.37 9.67 0 0 0 0 14.10 9.45| 11.18 0 0
5/11—5/111 11.26) 7.63 9.82 0 0 0 0| 14.36| 9.97| 11.83 0 0
15/11—15/111 | 11.28 7.76 9.87 0 0 0 ol 15.37] 10.42 12.97 0 0
25/I1—25/I11 | 11.32 7.94 9.90 0 0 0 0| 16.13| 10.78 13.80 0 0
5/111—5/1V 11.40] 8.01| 9.88 o 23.0 0 7.67 16.92) 11.25 14.20 0 0
15/I11—15/IV | 11.49| 8.31] 9.94 o 1.8 0 0.60 17.37 12.33) 15.04] 6.2 0
25/111—25/IV | 12.18] 8.30] 9.98 0 45.0 0 15.00 18.06 13.01] 15.68 112.2 0
5/IV—5/V 12,50/ 7.93 10.04 — 18.0, — 19.00] 19.35 13.79 16.41 222 1.2
15/IV—15/V 14.75 9.20 11.85] 13.0| 41.6] 2.4 19.00 20.59 14.33 17.19 78.0, 0.2
25/IV—25/V | 16.70| 10.87| 13.97]  3.0| 27.4| 8.8 13.07| 21.75 14.88| 17.97| 19.0 0
5/V—5/VI 18.76 12.88 15.71  3.0] 56.5 6.2 21.90 22.06 15.21 18.55 225 1.4
15/V—15/VI 18.4’7} 12.98\i 15.61 13.6) 103.0] 12.0| 42.87 23.48 15.04| 19.62 36.6 0
25/V—25/VI | 18.31| 13.08 1554 ©96.0/ 31.2| 43.8 57.00 24.97 16.43 20.90| 156.8 0
5/VI—5/VII 7.53 21.05| 23.00\ 1581.0 691.0 -—‘51136.00 26.64‘ 17.88) 22.50 264.2 —
15/VI--15/VII | 27.07 22.25 23.36 1885.0) ©2.8 O 659.27 27.36 19.30 23.48 977.0 —|
25/VI—25/VII | 27.62 23.34} 24.15 966.0| 88.0 o; 351.33] 26.86 20.08| 23.21 550.0f —
5/VII—5/VIIL | 29.33 24.20 25.48| 448.0| 330.0 0| 259.83 25.90| 20.10 22.64/1166.0f —
15/VII-15/VIII| 28.77 24.90 25.96 1050.0 335.0| 10.0| 465.00| 24.83 19.82 22.04| 442.0 10.6
25/VII-25/VIIL| 28.99| 24.23) 25.63 248.00 380.0: 50.0 226.00 25.20 20.24| 22.25 605.6] 96.6
5/VII—5/IX | 26.47, 28.07 22.65 440.0| 315.0/ 60.0| 271.67| 25.18 20.06i 22.46| 652.0, 37.4
15/VIII—15/IX .25.06;J 21.43) 22.58)  95.0| 275.00 520.0] 296.67) 25.12] 19.64] 22.01] 805.0 40
25/VIII—25/IX| 22.80| 19.85 20.23 0 15.90 0| 5.00 22.94 17.52 19.88 66.4] 50.0
5/IX—5/X 22.12 18.23 19.70, 55.0] 20.0] 50.0 41.67) 20.07 14.79 17.07| 126.5 125.0
15/TX—15/X | 20.81 16.99 18.41 36.5 162.0 0 66.17 16.81 12.04 14.31 402.2] 17.2
25/IX—25/X | 19.31] 15.29| 17.11 0| 167:0 0 55.67| 1314 10.03 1238 — = —
5/X—5/X1 17.25 13.36 15.080 20.0| 85.0 0 35.00 13.12 7.94 10.46 181.0, 3.4
15/X—15/XI 15.26) 12.04] 13.41 0 154.0 o 51.23 10.06| 4.65 7.29 140.0 )
25/X—25/XI | 12.74 ©.23 10.61 0 89.0 o 29.67| 7.71 R55 4.44] 462 1.0
5/X1—5/X11 10.23 7.15 8.74 0 4.0 o\ 133 5.41) 086 217 5.6 0
15/X1—15/XIL | 7.57] 4.01] 5.81 o 110 o“ 3.67, 3.77| -0.73 0.69 0 0
25/XI—25/XI1 | 6.72 3.35 501 o 30 2.0{ 1.67] 4.67] -0.81] 2.27| 11.5 0
5/XTI—5/1 633 339 478 o — — 0 7.74\ 326 572 06 0
15/XI—15/1 | £.30| 5.45 6.74 o0~ = 0| 11.15] 7.50| 9.62] 0.8 0
25/X11—25/1 9.91 7.37 8.40 0 o’ 0 0 12.97 9.48) 11.20 0 0
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of sporodechia on mulberry stem media

(189) &5

1949

of sporocdochia T‘gﬁ?ﬁfg tggﬁu(;;c) Number of spd‘r:}dochia nﬁ;%garng
- ; . — sporodochia

1\20' Nzg Average‘aégegf ag;e;f ag;e(;f; Nlo - N20. N40 - 1\218 i:’-‘;\ézr-(

Max. | Min. | Med. \ r |
0 0’ 14.53| 10.28 12.29 0 ol 0 0 0 0
0 0 15.52 10.89 12.96 0 0 0 0 0 0
0 0| 15.55/ 10.67, 13.21 0 0 0 0 0 0
0 0 15.32| 10.43 12.92 0 0 0 0 0 0
Q 0 15.44| 10.52) 13.03 0 0 0 Q 0 o
0 0 15.36/ 10.07] 12.65 0 0 0 0 0 0
0 0 15.99] 9.88 12.86 0 0 0 0 0 2.56
5.4 387 17.06 953 1383 o o 0o O O 1.49
1.0 37.73 19.16 11.18 15.38 0 0 0 v 0 17.58
8.4 10.60] 19.44| 12.28 16.30 0 0 0 1.2/ 0.30 8.97
16.8 31.67 21.11] 14.17 17.66| 70.0 0 12.6) 4.4/ 21.75 24.14
65.8 28.27| 21.41 14.91 18.10| 40.8 0 13.6 1.6 14.00 18.45
57.0 26.97 22.84| 15.75 19.14] 25.0 0 39.3 9.0 18.33 22.40
167.0) 303.4| 126.75 22.47 16.37| 19.48 14.4 0| 13.8 124.8 33.25 69.29
40.2.  381.0| 144.50 22.42 17.4% 18.88 40.0 1.0f 69.0, 32.6 35.65 79.05
477.0 419.0 386.73‘ 2097 18.34 20.72 65.8 0 8.6/ 17.2] 22.90 515.21
1744.0] 1600.0] 1470.33 23.05 19.15 20.96 56.2| 18.21 47.4 46.8 42.15 723.92
—| 174.2| 362.10 25.73 20.54 23.04, 73.0, 0.6 26.27 24.0 30.95 248.13
582.0| 824.0) 857.33 27.69 21.92 24.71) 842.0| 112.8| 150.6 531.514-09.23 508.63
258.4 541.2| 313.30) 29.43 22.84 26.01| 103.8 0.8| 285.2| 210.8/150.15 300.48
420.4) 483.0) 401.40 28.75 22.67) 25.59 277.0 0 279.6) 509.0/266.40 297.93
350.00 270.0] 2327.35 27.84) 22.04 24.86 513.4 0 149.2) 328.0/247.65 282.22
572.0, 419.0] 450.00| 25.64| 20.46 22.97) 94.2 0 129.0] 68.2 72.85 273.17
131.0 41.5| 72.23 24.34) 19.04, 21.62) 142.4 0 49.8 61.0| 63.30 46.84
298.0 32.2| 145.43 22.04 16.67| 19.45 323.4| 156.8 66.5| 120.0/166.68 117.93
297.5 33.6| 187.63 19.33 14.63 17.37| 4.0 0 1.4 48 250 85.43
— — —! 17.45 12.61| 15.34| 494.0 0.6 452.0 274.0/305.15 180.41
243.6 317.0 186.25 15.351 10.59 ' 13.07 5.2 0 1.0 151.6, 39.30 85.85
— 78.0 72.670 14.01) 8.19 10.80| 93.2 0 18.8 27.3 234.83 52.94
16.6 106.8]| 42.65 11.50, 5.36 8.49 0 0 0 0 0 24.11
0 7.4 3.25 10.58 4.68 7.99 0 0 0 0 0 1.53
0 0 0 952 4.28 7.19 0 0 0 0 0 1.22
0] 0 2.88 7.91 3.74 5.82 0 0 0 0 0 1.52
0 3.2 0.95 5.41] 1.69 3.16 0 0 0 0 0 1.32
8.4 5.2 3.601 3.26; 0.07 3.16 0 0 0 0 0 1.20
0 0 0 151 -2.85 -0.28 0 0 0 0 0 o
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Table 2. Showing the seasonal changes of formation

JonDec. 1oig 1048
Cultured Temperature (°C) ’ Number of Temperature (°C)
) during culture r perithecial stromata during culture
pericd _ ; ! _

Average Average Average No. No. AveragelAverage| Aver-
of of of 1 4 Average] of qf age of

Max. | Min. Met. l Max. | Min. | Med.
B/I—5/111 11.24 7.68 6.65 1.8 ¢ 0.90] 14.43 9.49!‘ 11.48
15/1-—15/111 11.25 7.60 9.73 0.8 0 0.4¢ 14.62 9.79, 11.81
25/1—25/111 11.28 7.68 9.82 3.0 0 1.50 1499 10.16 12.4¢
5/11—5/IV 11.32 7.84] 0.87 0 0.4 0.20| 15.52 10.61] 13.20
15/11—15/IV 11.37§ 8.01 9.80 0.6 0 0.306] 1645 11.20, 14.01
25/11—25/IV 11.55} 8.14 9.93 0 3.6 1.80| 17.127 11.84| 14.€8
5/ITI—5/V 11.89} 8.14 0.96 0 — 0 17.920 12.60| 15.03
15/111-15/V 12.73 8.44) 10.45 22.0 18.0] 20.00; 1B.84; 13.37] 16.08
25/111—-15/V 14.03‘ 9.08/ 11.46 35.2 10.6; 22.600 19.94; 14.00| 16.81
5/IV-—5/VI 15.52; 10.22| 12.89 — — —| 20,94 14.50] 17.5¢
15/IV—15/VI 17.17]  11.48] 1429/ 193.8 74.0| 133.90 21.97) 15.08 18.35
25/1V—25/V1 18.05“ 12.45] 15.21 — 98.2| 99.20| 23.07] 15.51 19.26
5/V—5/VIL 18.50; 1301 18.53]  347.0) 499.6| 423.30) 24.29) 16.38 20.39
15/V—15/VII 19\15“ 13.62) 1643 207.0 739.0| 473.00| 25.51) 17.40| 21.63
25/V—25/VII 2055  14.841  17.74 —| 908 4| Oorgu4n,  26.46| 18.43 22.77
5/VI—5/VIil 2789 2276 24.00 366.0 — 368.00| 26.69) 19.33 22.96
15/VI—15/VII1 28454{ 23.7 24.74 172.0] 1450. 811.C0, 26.24 19.81| 2284
25/VI—-25/VIill 2893 2419 2556 166.0 762.00 463.00| 25.82] 20.05 22.50
5/ViI—B/IX 2864  24.120 2502 133.0| 840.01 48550 25.28] 20.06, 22.35
15/VII—15/IX 27.5870  23.41| 24.46 50.0) 880.0| 465.00| 25.09] 19.94] 2219
25/VIT—25/I1X 25.83| 22.02) 23.02| 599.0| 880.0| 739.50] 2461 19.37] 21.85
B/VIII—5/X 2413 20.52] 21.54] 410.0| 1000.0| 705.00 28.33] 18.00/ 20.36
I5/VIII—15/X | 22,700 19.00) 20.23|  407.0| 1000.0| 703.50 21.24/ 1555 18.32
25/VIIN—25/X 2126 17.47) 18.86] 412.0| 580.0| 485.00| 18.24/ - 13.60| 1i5.91
5/1X—5/X1 12.87.  15.87] 17.58 180.0 516.0) 348.00 15.79 11.20 13.56
15/1¥—15/X1 18.16 14.42) 16.00| 100.0| 480.0| 290.00 13.28 8.67] ‘11.11
25/1X~25/X1 16.14| 12.50, 14.13] 482.5 370.0| 426.25 11.01 6.54) 8.64
5/X—5/XIL 13.87.  10.47] 12.04 26.5| 126.2| 76.35 9.06 4.25 5.1z
15/X—15/X1I 11.45 8.13 9.72| 136.81 224.0 180.40 6.74 2.08 3.65
25/X—25/X1 5.32 5.96 7.62 -] 68.0) 68.00 5.38 071 2.38
5/X1—5/1 7.71 4.48 6.08 — — — 5.04 0.65 2.71
15/XI—15/1 7.24 4.05 5.51) 1266 — 126.60] 6.82 2.21 4.58
25/X1—25/1 7.82 4.89 5.12 2.6 5.0 3.80 9.12 4.86 7.28
5/X11—5/11 8.94 5.18 7.36 7.0 2.2 4.60, 11.60 7.63 9.73
15/X11—15/11 10.17 7.14 8.56 0 0 0 13.50 9.54) 11.51
25[XT1I—25/11 10.60 7.62 9.29 8.4 0 4.20 1464 10.33 12.44

Note; No.

A

&

is omitted because it did not form perithecial stroma.
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of perithecial stromata on mulberry stem media.
| 1949
1
| i
Number of {Temperature (°C) Number of ﬁzﬁfgeg:
perithecial stromata during culture perithecizal stromata of
i erithecial
No No No 1Aver- Averr\ Aver- No. No l No [ I;tromata
1' 4' 29' Average age oflage ofjage of| 1' Pl 29' Average
i ‘Max. Min. | Med. =
0 0 0 15.23] 10.56 12.85 o] 0 0‘ 0 0.30
0 0 0| 15.05] 10.63] 13.03 0 0 0 0 0.13
0 0 0l 15.42| 10.42| 12.95 0 0 0 0 0.50
0 0 0l 15.53 10.23. 12.87 0 0 18.8 6.27 2.18
0 4 Q| 15.86/ 10.00) 13.09 0 0| 10.8 3.60 1.30
15.6| 32.6 24.10 16.89| 10.17| 13.68| 64.0| 15.8| 4.8  28.20 18.03
121.4) 69.1 95.25 17.911 10.72) 14.59 47.8 0l 401.00 149.60 81.62
49.2| 13.2 31.20| 19.19| 11.78| 15.79. -— - — — 25.60
118.0) 32.4 75.700 20.28] 12.95 16.86 — — — — 49.15
- 105.8 35.2 70.50| 21.20] 14.28 18.05 808.0| 140.0| 205.0 3872.33 221.42
304.8 44.2 174.50! 21.96) 15.03 18.50/1120.0] 944.0/1050.0: 1038.00 448.80
746.5| 439.2 592.85 22.29 16.11| 18.90/1170.0| 706.0/1300.0) 1058.67 583.57
412.5) 717.0 564.75/ 22.50| 16.97 19.56/ 675.0| 312.5] 610.0| 532.50 506.85
161.6) 618.20 620.0] 465.60, 22.55 17.82] 20.01 180.0 114.4) 741.0, 345.13) 428.24
—i 3483 486.4) 417.35 23.37| 18.87) 20.50| 247.0 409.8 556.8] 407.87 578.21
—| 360.C 470.0) 415.00) 24.69] 10.99| 2236 75.8 138.8| 423.8 212380 331.27
561.3) 465.4] 418.0) 481.57 26.48| 21.11| 23.68| 34.3 480.0, 80.6; 188.30 496.96
250.0 — 45.6| 147.80) 27.90, 21.99 24.84) 27.7) 94.4 552.0| 224.70 278.50
666.0| 896.0| 16C0.00 1054.00| 28.43| 22.37| 25.501070.0| 804.0| 662.5 845.50 795.33
$30.0; 980.0 933.0) 947.67) 27.92) 22.00| 24.96| 242.0| 246.0; 770.0| 419.33 610.67
281.0| 255.0 30.0 188.67| 26.65/ 21.05| 23.71] 281.0) 334.0| 930.0/ 535.00 487.72
748.0) 690.0) 890.0| 776.C0| 24.97| 19.55 2223 265.0, 690.0, 706.0| 553.67 678.22
405.7| 889.01 4425 412.40| 22.84] 17.70| 20.35 206.0 453.6| 628.0. 432.53 516.14
138.6| 192.0 10.0| 113.53 20.19| 15.52| 18.45 204.4; 510.6 592.2) 435.73 345.09
205.3 216 272.0, 166.20| 18.54] 13.63| 16.31] 202.8 280.0:1050.0 510.93 341.74
485.0 125.00 292.0| 3c0.67 16.54) 11.51] 14.17] — 270.0| 640.0| 455.00 348.56
—_ — — —| 14.55 9.19 11.95 0| 12.6) 135.0 49.20 237.72
39.4) 17.0/ 1200, 62.13 12.85) 8.28] 11.91 0 0 116.0, 38.67 50.05
0 s} 26.0 8.67 11.40| 5.51| 8.64 0 0| 40.0 13.33 67.47
v 0| 178.00 57.67, 9.88) 4.52 7.37 0 o 6.0 2.00 42.56
¢ 0| 110.0f 386.67| 8.36 3.60 6.04 0 0 0 0 18.34
0 0 83.0 27.671 6.55 2.45/ 4.83 0 0 0 0 51.42
0 4] 6.2 2.07 4.50, 0.66] 2.97 0 0 Q 0 1.96
0 0 53.20  17.72] 3.04| -1.04] 1.52 0 0 0 0 7.44
1.0 0| 1880 63.000 2.74] -1.68 2.22 0 0 0 0 21.00
0 0 42 1.40 346/ -1.31 143 o O© 0 0 187
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Text—Fig. 1 The seasonal changes of formations of sporodochia and perithecial
stromata (monthly average values are shown)

Formerly the writer®® investigated the relation between the formation
of sporodochia of the causal fungus (strain no. 1) and the cultural temper-
ature by means of culturing the causal fungus on the mulberry stem media
in thermostats. The results of the investigation show that the causal fungus
(strain no. 1) forms its sporodochia at higher temperature than 9°-14.5°C
(in the case of four weeks’ culture) or 4°-11°C (in the case of five weeks’
culture) and most vigorously at 24°-20°C on the mulberry stem media. The
results of the writer’s investigations (by the average numbers of formed sporo-
dochia of all strains) mentioned in this paper may be the same with those
which are to be got both from the thermostat experiments and the seasonal
changes of air temperature.

‘ When we look over the table 2, it is obvious that the formation degree
of the perithecial stromata is also fairly various according to the years during
which the experiments were carried onr. In this case also, the differences
cannot necessarily be attributed to the differences of temperature and other
environmental factors of these years. Though the immanent power of the
fungus which causes these changes is not known to the writer, it seems to
influence upon the changes of the formationdegree. NiszIkADO and others®?
stated that Gibberella Saubinetti decreased the formation power of perithecia



No. 2 Pathological Studies of the <Bud Blight” T. (193) ‘9

while it ‘was cultured ‘for long time. "But Gibberella  lateritium (NeES) * S. et
H: does not seem to decrease the formation povver‘ so ‘far as the writer’s
cultures are concerned.

When the total amounts (or the average numbers) of the formed peri-
thecial stromata of all strains in each month during these three years are to
be discussed here, the writer must say that the perithecial stromata are
formed in every month. But the formation degree in winter is very slight,
and the seasonal changes of the formation show a bimodal curve as it is
shown in Text-fig. 1.- Formerly the writer?” investigated the relation be-
tween the formation of perithecial stromata of the causal fungus (strain no.
1) and the cultural temperature by means of culturing the causal fungus on
the mulberry stém media in thermostats. The results of the investigation
show that the causal fungus (strain no. 1) forms its perithecial stroma at
temperatures from: 4°-13°C to 28°C, and the optimum temperature is 16°-24°C,
especially 22°C. The results of the writer’s investigations (by the average
numbers of formed perithecial stromata of all strains) mentioned in this
paper may be the same with those which are to be got both from the
thermostat experiments and the seasonal changes of air temperature. The
writer must record here the relation between perithecia and perithecial stro-
ma. Perithecia form a group which has several of them on each perithecial
stroma. Perhaps the writer would be in no error if he says that the forma-
tion degree of perithecia can be estimated by the numbers of perithecial
stromata. By the way, in his laboratory the writer has not yet found ripened
asci or ascospores. But he found them in the field often in September and
October, though he sometimes found them in the last decade of June.

The writer’s experiments, mentioned above, concerning the seasonal
changes of formations of sporodochia and perithecial stromata have many
defects: the environmental factors in the writer’s experiments are rather
different in many respects from those under the open sky, that is, in tem-

erature, light and humidity etc. But, it would be nearly right for the
writer to say that the seasonal changes of formations of sporodochia and
perithecia of the causal fungus in the field about Ueda City are similar to
the above-mentioned resuits which were got in his laboratory.

II. THE ENTRIES OF INFECTION OF THE CAUSAL FUNGUS

1. The Infecticn through the Wounds on the Surface of Mulberry
Stems and the Effective Season of It

It has been known that the entry of infection of the causal fungus of
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+this disease is a wound on the surface of a mulberry stem.®3® The writer®®
-confirmed it experimentaly. But the effective season of the infection through
the wound is riot known clearly. The writer investigated this subject during
the period from 1949 to 1951. At the same time he investigated the subiject
of the “blight’’ of mulberry trees, Dogare-disease, caused by Diaporthe Nomurai
Hara.

(1) Methods

The mulberry trees, cultivated uniformly as far as possible in a farm
-since several years ago by the method of ‘“Negari’’ training (a kind of short
stemmed training) and of spring or summer harvest, were supplied for the
inoculation experiment. The mulberry trees were those which were cultivat-
ed after the usual manner and to which compost manure (1500 kg. per 10 a.)
was supplied in every March. The variety-names of the mulberry trees are
Nezuinigaeshi (spring harvest) and Kairyonezumigaeshi (summer harvest).
The growth curves in 1951 of these mulberry trees are shown in Text-fig. 6
(see p. 25). The growth curves in 1949 and 1950 resemble those in 1951 for
the most part.

Once or twice a month, the middle part of each stem of the mulberry
trees which grew up after spring or summer harvest was sterilized with 76~
8094 alcobol and washed with sterilized water, and a peeling injuly (2.5mm
x2.0mm) was made with a knife on the bark of each stem. The injured
part of the stem was inoculated with the hyphae or spores of the causal
fungi. Then the bark was restored to its original shape as if it had not
been injured and was painted with vaseline. Each time during the Ist ex-
‘periment 10 mulberry stems were used and each time during the-2nd experi-
ment 20 mulberry stems were used.

(2) Results

The first experiment was carried on during the period from June 1949 to
May 1950, and the second experiment was carried on from June 1950 to May
1951. The invaded areas on the stems were measured a month after the
inoculations which were carried out once or twice a month, and also at the
end of each experiment. These results are given in the tables 3-6 and in
the text-figs. 2-5. '
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Table 3. Showing the invaded areas which were measured a month after
the inoculations at the Ist experiment (from June 1949 to May 1950)

Date of . i 1
inoculation 4/V1 ‘ of VII|20/VIII| 7/1X | §/X | 18/X | 9/XT |13/X11| 18/1 | 12/11 ’ 16/111 16/IV‘ 18/V
[ [ i
D i / !
meaats?lgment[ 4/VII{9/VIH! 20/1X | 7/X :S/XI 18/X1| 9fX11| 13/1 \IS/H; 12/111»i 16/1V| 16/V | 18/VI
w3 | Inoculated | 46.95\24.14 15.50
|y g:‘% Non-inoculated| 16.34| 8.58 5.40 ‘
5@/ 8| Difference |33.6115.56 10.10 L
B [ P ! ! .
.‘g 2|5 3| Inoculated 21.28/ 20.96| 27.88| 10.15| 14.20 6.88/5.00 7.50] 11.20| 26.23| 52.08
e g 2| Non-inoculatea 11.61| 2.20| 5.32 5.14| 4.40) 450 4.40| 4.40| 4.40| 5.00/ 7.00
% 2 £ | Difference 9.67) 1876/ 22.5¢| 14.01] 9.80) 2.38/0.60 310 6.80 21.2345.08
8. |54/ Inoculated 23.01| 30.89] 45.83 37.35 21.70/ 5.00/5.00 5.00 12.00 20.79\ 20.80
S8 E 2| Non-inoculated 8.00 220 5.32| 5.14| 4.40| 4.50/4.40| 4.40| 440 5.00 7.00
M3 E| Difference 15.01 28.69| 40.51 32.21/ 17.30| 0.500.60 .60 7.60 15.79|13.80

Note; Index of invaded area is obtained from the product of average length (mm)

and average width (mm) of the real invaded areas.

Table 4. Showing the number of the killed stems and the invaded areas which

were measured at the end of the 1st experiment (on 5th June 1950)

Date of \ | ‘

| , l
o e 4/VI‘9/V1120/VHI-‘ 7/1X| 8/X | 18/X | 9/XI 13/XII‘ 13/T | 12/11 | 16/11T 16/1V

Number of ‘
killed stem o o 0 0 2/10 2/10| 1/10 0 0 0

Index of
invaded area 16.6558.50 48.21] 96.19 206.40 135.34|140.41| 108.86, 61.02] 20.52

Bud blight
Summer
harvest

Number of |

|
killed stem 0 5/10 8/10 10/10 8/10}

2/10 0 ¢ 0 0

Index of 1

invaded area 20.58] (o)} (=2} (0) (00)‘106.53 63.18] 74.40| 24.75 24.42
H 1 i N

Blight
Summer
harvest

Note; When the invaded areas are mesasured, the killed stems are omitted.
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Table 5. Showing the invaded areas which were measured a month after
the inoculations at: the 2nd experiment (from June 1850 to May 1951)

] Date of

9 ; | l | ;" _ s
inoculation \ 6/VI ‘3’11/\711:18/\711‘%19/\7111 Zl/IX‘} 23/X y 23/XI§23/XII\ 27/1 \ 28/11‘530/11;29/1\7
! { | j i
Date of 6 VII3 | | 19 IX} 21/X | 23/X1123 XH\ 23/1 \27/11/28 111%30/1'\/ 29/V
measurement [0/ EII/VIII]18/VIII} / i /X1123/ | / / 2 / ] /
=T | i | ‘
‘ qﬁ‘ Inoculated !65.30!‘ 30.00J J 28.48 35.36) 41.22| 14.41] 5.62 5.23/10.90
| = ,
—; Non-inoculated: 7.60 12.10 } 11.40| 5.320 4.222 440 4.20| 4.22) 4.40
ol
fc‘! %‘ Difference ' 57.70) 17.90 ] 17.08‘3 30.04/ -37.00| 10.01] 1.42) 1.01) 6.50
::>___»’ i | | { |
5| t ;
E § Inoculated 9.89\; 21.06‘ 2612 38.59 7.50, 6.33 5.00/12.24 32.26l 21.06
« = |
S[—(Q; +.| Non-inoculated 6.‘09*\ 5.8 4.40, 4.18 5.00] 5.00] 4.40] 4.40 5.OO]V 5.00
[ . . .
Lot g ! |
</ } £ | Difference 3.80 15.05) 21.72 34.41 2.50, 1.33 0.60| 7.84 27.26 16.06
: g | -
Rayi w ! . | i |
= ? Inoculated 21.70 20.70! ‘ 20.61 71.80100.58 17.20) 5.60| 5.30|11.52
[ [
= =~ Non-inoculated| 7.60; 12.10 | 11.400 540, 4.18 510 4.20 4.20 4.22
g &
«| &l Difference 14.10‘[ 8.60 | 18.21 66.40| 96.40 12.10, 1.40) 1.10{ 7.30
= T |
= § Inoculated 11.44] 59.40] 85.35‘ 96.72| 7.75 6.21] 5.40| 6.19 45.77,21.00
-
IS
'S Non-inoculated 6.09 . 5.98 4.40i, 4.18 5.00] 5.00| 4.40| 4.40] 4.60] 4.50
QO - .
g ! ‘
E Difference 5.35| 53.42| 80.95‘ 92.54 2.75 1.21) 1.00 1.79 41.1716:40
| (f)J: i ‘ !
Note; Index of invaded area is explained in Table 3.
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Table 6. Showing the numbezr of the killed stems and the invaded areas which-

were measured at the end of the 2nd experiment (on 5th June 1851)

[ | -
Date of A A o . \ N L
; inaoc"'ul‘;mn 6/V1 |11/VII[18/VIT 19/ VI 21/1:3\‘ 23/X 23/}(123/:@1i 27/1 28/1113U/II1129/IV
. ! } i \ "
Number of % ; \
Tilled stem o o‘ 0 0 2/20 2/20 . 1/20 0 C}
I J

e

Index of .
invaded area 84.38 5

w0
3
w

47| 90.45) 405.80 413.50 253.40, €0.41 52.30
1 S j

Bud blight

Y

I
|

|
|
|

Number of . < ‘ . ‘
killed stom o 0l 0 0 1/20] 2/20 0 '0 0 0 0

Index of , e L .
e o 30.03i 20.52 107.73 87847 420.80 21829 12376 11875 75.5123.60
i . | i

| !
; i ‘ }

Number of . 1 !
Lilled stem ¢ 0 Ol Ol 6/20) 12/20; 11/20 2/20,‘ 0 |
i \
‘ l
|
|

1
113150 849.30‘1 132.35

|

-

| 1980.400 8100.00
I :
]

Index of 4860 87.25 88.45/ 294.50

Blight

invaded area

Number of ) O‘ o

Nillea oten o 5200 16/200 13/200 7/200 1/20 o o

i

| |
Tndex of 42.30123.58 341.12 2266.70| 2000.00) 857.01) 1021.20| 156.24 123,50 22.97

invaded area . . | ’ } |
\ i | i :

Summer harvest| Spring harvest Summer harvest| Spring harvest

Note ; When the invaded areas are measured, the killed stems are omitted.



Pakken MATUO No. 2

14 (188).
50
Bud blight
<3
P 4of ” - === Blight
(]
3
< 3J0h
<
>
=
B 20
>
V
~
S 0
|
{ . . . . : Ay e i
& 7 8 <] 1o S 12 b 9 3 4 5

month of inoculation

Text-fig. 2 Showing the invaded areas which were measured a month after
the inoculations at the 1st experiment (from June 1949 to May 1950)
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Text-fig. 3 Showing the number of the killed stems and the invaded areas whick
were measured at the end of the 1st experiment (on 5th June 1950)
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Text-fig. 4. Showing the invaded areas which were measured a month after

the inoculations at the 2nd experiment (from June 1950 to May 1951)
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Text-fig. 5 Showing the number of the killed stems and the invaded areas which

were measured at the 2nd experiment (on 5th June 1951)



16 (200) - Takken MATUO . No..2

(3) Conclusion

it is evident from the tables 3-6 and the text-figs. 2-5 that there are no
essential differenceé be{tviféénﬁfhé%i‘*esults of t—ﬁé 1st experiment and those “of
the 2nd experiment. And ‘froinuthese results we can know the following facts.
According to the series of invaded areas which were measured a month af{ef
the inoculations at the Ist and the 2nd experiments which were shown in ‘Lhe
table 3 and the text-fig. 2, and the table 5 and the text-fig. 4, it is ‘obviou‘sf
that the invasion of both fungi is remarkable-firstly both in spring (in mul-
berry trees of summer harvest) and in early summér . (in mulberry trees of
spring harvest) and secondly in autumn (in both mulbérfy‘?”t"i'éés_ of .spring
and summer harvest), while their invasion is not so remarkable in mid-
summer and is very slight in winter. Hereafter the writer will call these
two remarkable invasion periods the first period of remarkable invasion and
the second period of remarkable invasion respectively.

According to the simultaneous observation of the resulis of the above
inoculation experiments at the end of both experiments which were shown in
the table 4 and the text-fig. 3, and the table 6 and the text-fig. 5, it is ob-
vious that the fungi which were inoculated in the first perioed of remarkable
invasion stop their invasion when they spread to some extent and the fungi
which were inoculated in the second period of remarkable invasion (autumny
and following early winter are most destructive. The pathological explana-‘:
tions of the above mentioned phenomena will be described in Chépfer IV in
this paper. ’

2. The Infection through the Wounds on Petiols which are
made by the Harvest of Mulberry Leaves

From the above results of the writer's experiments on the infection
through the wounds on the surface of the mulberry stems and the effective
season of it, it was made clear that the causal fungus of the “bud blight” of
mulberry trees was most destructive when this fungus entered the wound on
the surface of mulberry stems in autumn and early winter. Then it comes
into question whether the causal fungus infects the mulberxy<,<~steiﬁs through
those wounds of petioles which are to be made when mulberry leaves are
harvested to provide them for silkworms-in autumn- or -not.— If - the - wounds
are enlarged to the surface of mulberry stems By rough harvesters, the case
cannot be included in the subject of this section but must be dealt in the
previous section. ‘ '
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The writer investigated the subject of:this section experimentally during
1949 and 1950. The mulberry leaves were cut off at the bases of petioles.
And macroconidia of the causal fungus were inoculated into the wounds at
the bases of petioles. Then the inoculated portions were covered with ab-
sorbent cotton containing sterilized water and then with- paraffine  paper to
keep the incculated portions damp. The results of these incculation experi-
ments did not show such remarkable invasions as those which were seen in
the inoculation experiments mentioned in the previous section, though the
invasion was found a little at the border part of the petiole and the stem.

ut as the writer has often found the examples which suggest the infection
through the leaf scar under the natural condition, more experiments must be
planned in future.

3. The Infection through the Lenticels on the Surface of
Mulberry Stems

Aox1® investigated the occurrence of the “‘blight” of mulberry trees,
Dogare-disease, in heavy snowfall zones pathologically. It was made clear
by him that the entry of infection of this causal fungus was at the lenticel
on the surface of mulberry stems, and the causal fungus which concealed
itself in the lenticels invaded intc the tissues only when the mulberry trees
were weakened in vital strength by various causes, mainly by being buried
under the accumulation of heavy snowlayer for long time. He used the drain
pipes as the instruments to weaken mulberry trees. Each of the mulberry
trees which had been cultivated healthily in Tokyo, where the “blight” of
mulberry trees is not recognized generally, was covered with a large drain
pipe in summer, and the drain pipe was filled with sawdust. Thus the mul-
berry trees were kept in darkness and high moisture, as if they had been
under heavy snowlayers, and weakened by and by. Inoculation experiments
were carried out on these mulberry trees. From the resulis of these experi-
ments it was ascertained that the causal fungus invaded into the tissues
through the lenticels on the surface of these weakened mulberry stems,
though the causal fungus could not invade into the tissues through the
ienticels of healthy mulberry stems. The weakened and infected degrees in
these experiments were various according to the varieties of mulberry trees.
And it was known that the susceptible varieties for the “blight”” under the
natural condition were weakened and infected more easily than the resistant
variétieé. ‘ ‘

The writer applied Aokr’s drain pipe method to the “bud blight” of mul-
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beérry trees and experimented whether Gibberella lateritium (Nurs) S. et H.
could infect the mulberry stems through the. lenticels of weakened mulberry

stems or not.
(1). Methods

The supplied mulberry trees are those cultivated after the same manner
as those which were supplied for the inoculation experiments in the section 1
of this chapter.

In August, the lower parts of the mulberry stems were sterilized with
1000x HgCl: and washed with sterilized water. Each mulberry tree was
covered with a large drain pipe. The stems which stuck out above the drain
pipe were cut off. The drain pipe was filled with sawdust. About two months
after the management, the drain pipe was taken off and again the lower parts
of the stems were washed with sterilized water and on them the suspension
of macroconidia of the causal funéus was inoculated with a brush. The
inoculated mulberry tree was covered with the drain pipe and filled with
sawdust as they had been managed before. The results of the experiment
were observed about two months after the incculation.

(2) Results

The experiments were carried out in 1949 and 1950. The results are given

in the table 7.

Table 7. Showing the results of the inoculation experiments on the infection
through the lenticel (by the drain pipe management)

Number of Number of A
inoculated stem | infected lenticel ed leftsltceeéq per
1949 40 39 0.98
g Inoculated 1950 49 44 0.90
g Total 89 83 0.93
N3
3 1949 16 0 0
& | Non-inoculated| 1550 15 0 0
Total 31 0 0
L1049 | 42 29 0.69
s Inoculated 1950 46 39 ; 0.85
3 Total 88 68 0.77
= 1949 16 o 0
o | Non-inbculated; 1950 14 0 - 0
Total 30 ) 0 : - 0

Note; 1949—drain pipe management: Aug. 18, inoculation: Oct. 25, measurement :
Dec. 19
1950-—drain pipe management : Aug. 20, inoculation: Oct. 27, m=asurement :
Dec. 15. :
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(3) . Discussion and:conclusion

Table 7 shows that the mulberry trees under the drain pipe management
were infected through lenticels by Gibberella lateritinm (Ngrs) S. et H. not
less than by Diaporﬂze Nomurai Hara. But the writer was not so careful
as make those suspensions of equal concentration of the conidia of both fungi
which were supplied for fche inoculations, and he cannot discuss which of
these fungi can infect more easily through the lenticel. He can, however, at
least believe that mulberry trees are infected through lenticels by G. lateri-
tinmm (NEEs) S. et H. as well as by D. Nomurai Hara if he manages them
by\the drain pipe method or they lie under heavy snowlayers. AoxI® inves-
tigated for several years the fungi concealing themselves in the lenticels of
healthy mulberry stems in heavy snowfall regions as well as in slight snow-
fall zones. From the lenticels of healthy mulberry trees in heavy snowfall
zones (Niigata, Yamagata and Akita), he isolated in all 599 strains of Dia-
porthe Nomurai HARA, 154 strains of Gibberella moricola (De Not) Sacc., 143
strains of Alfernaria tenuis NgEs, 43 strains of Hormodendrum Mori YENDO,
17 strains of Fusarium wurticearum (CorbpA) Sacc., 6 strains of Pestalozzia
Mor: (Cast) Moxt. and 5 strains of Sclerofinia Libertiana Fuck. Among
these fungi, Diaporthe Nomurai Hara is the causal fungus of the “‘blight” of
mulberry trees, and Gibberella moricola (DE Not) Sacc. is a synonym of
Gibberelia lateritium (NEes) S. et H. which is the causal fungus of the ‘“‘bud
blight” of mulberry trees. Fusarium wriicearum (CORDA) Sacc. is the fungus
which was identified by WOLLENWERER®233 with Fusarium lateritiumt NEEBS v.
Mor: Desm. and was included by SnYDER and HANSEN®® in Gibberella lateri-
ziwm (NeEs) S. et H. But as scholars adopt many different methods in clas-
sifying Fusariwm it is uncertain whether all strains of Fusariwm wriicearsm:
(Corpa) Sacc. which were isolated by Aok can be identified with the causal
fungus of the “bud blight” of mulberry trees. But there is no doubt from the
above data that a lot of causal fungus of the ““bud blight” as well as those
of the ‘blight’” conceal themselves in the lenticels of healthy mulberry
trees in heavy snowfall zones. He must notice here that Alfernaria sp.,
Hormodendrum sp. and Pestalozia sp. of the above fungi are regarded as non-
pathogens to mulberry stems.

- From the above mentioned results of the writer’s inoculation experiments
and AOKI’s investigations on the fungi which conceal themselves in lenticels
under the natural condition, he can come to this conclusion that the mulberry
trees under heavy snowlayer have been attacked through the lenticels on the
surface of them not only by the causal fungus of the “blight”’, Dogare-disease,
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but also by that of the “bud blight”, Megare-disease.

III. THE INVASION OF THE CAUSAL FUNGUS INTO
THE HOST TISSUES

The writer is going to state in this chapter the tesults of his anatomical
observations concerning the invasion of Gibberellia Zatemz‘wm (NEES) S. et H.
and Diaporthe Nomwurai HARA into the host tissues. a

The diseased mulberry stems Whlch were supplied for this studies were
obtained from the field under the natural condition and also from the mul:
berry trees to which inoculation experiments had been carried out. The
variety-names of the diseased mulberry trees which were supplied are mainly
Kairyonezumigaeshi and Ichinose. i

The materials were fixed in formaline acetic alcohol, softened by HE(D,
dehydréted with n-butanol, and embedded in paraffin. Sections were cut with
a sliding microtome and were stained mainly by Yosum’s Sudan III—methylene
blue method®® or Boyce’s malachite green—acid fuchsin method™® and some-
times by the other methods.

I. The Degenerations of the Host Tissues and Cells which are
Caused by the Invasion of the Causal Fungus
1) Bark ‘ '

When the causal fungus which intruded in the ‘host is ‘being in contact
with the cells which constitute the bark, or sometimes even when the con-
tact does not cccur, it can be seen that the cells are being harmed by the
causal fungus and degenerate their conditions "intc necrobiosis and necrosis.
That cytplasm in the cells of cortex which is in the necrobiotic condition
comes together at the corners of each cell and shows the state of smail
granules (Plate 1, Fig. 4). That cytplasm in parenchymatous cells of phloem
which is in the necrebiotic condition shows not only the state of small
granules (see Plate 1, Fig. 4) but also the states of somewhat large granules
(1—1.5x1—1.5u) (see Plate 1, Fig. 5) and one or several. irregular lumps
(8—5x3—7u) (see Plate 1, Fig. 6). t the same time, the walls of the
above mentioned diseased cells change their character.  For example, they
are stained yellowish green or olive by the Sudan IIl-methylene blue method.
This character of the walls of diseased cells is remarkably in contrast to that
of the walls of the healthy cells which are stained either light blue or not
at all by the same method. The chloroplasts in the cells of cortex disappear
in these necrcbiotic conditions of the cells.
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" Those necrobiotic conditions of the tissues and cells which were men-
tioned above change gradually to the necrotic conditions. The cytplasm in
the necrotic condition coagulates into brown opaque lumps. The tissues in
the early stage of the necrotic condition shrink more or less and are stained
more deeply and thore greenish than those in the necrobictic condition by the
Sudan III— methylene blue method. But the stone cells or the cork layers of
periderm do not change their original character which reveals itself in stain-
ing. These tissues graduaily collapse. Especially cortex, parenchymatous
tissues of phloem and those cells near cambium which have not differentiated
vet collapse very easily. But the cork layers of periderm, the stone cells of
cortex, and the bast fibres remain to be in their original forms for a long
time. ,

The writer could find the hyphae of the causal fungus in and between
the cells which are in the necrctic condition. When the hyphae invades a
cell, it makes a large hole through the cell wall. The writer has often ob-
served the hyphae which are resolving the cytoplasm in various cells except
for the stone cells, the tast fibres and the cork layers (Plate I, Fig. 7).
When the hyphae go forward between two cells, they resolve the middle
lameilla. Plate 1, Fig. 8 shows the hyphae of Gidberella lateritium (NErs) S.
et H. whichk go forward between the cells.

(2) Wood ,

When the hyphae spread to the inner part of the wood tissue, they pro-
gress mainly through the medullary ray, especially through radially elongated
cells of it. And when the hyphae spread upward or downward in the wood
‘tissue, they can progress easily ‘through vessels. When the hypbae invade
both the cells of the medullary ray and the vessels, they pass the pits of both
walls of the cells and the vessels and reduce their thickness at the passages
(Plate II, Pig. 9). They can invade also the parenchymatous cells of xylem
which have no pit. In this case, they make delicate holes through the cell
walls and also reduce their thickness at the passages -(Plate II, Fig. 10.) The
cells' which constitute the wood tissues were observed. to be empty by the
writer, and so he could not know the degeneration of the cytplasm in the
wood tissues.

The writer has stated above the results of his anatomical observations on
the degenerations of the host tissues  and cells which were caused by Gib-
berella lateritinm (Nees) S. et H. Those degenerations of the host tissues
‘and cells which were caused by Diaporthe Nomurai HARA were very similar

to the above description, and the: wrifer: could ‘not recognize' the essential
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difference between these two diseases. But it has been known to him that
the necrobiotic areas (the areas in the early stage of degeneration) of the
bark which were caused by Diaporthe Nomwurai HARA are generally larger
and more irregular than those caused by Gibberella lateritivm (NEEsS) S. et H.
‘These differences of the necrobiotic area between these two diseases form

part of the symptomatical differences between them.

2. The Progressive Reactions of the Host Tissues and Cells to the
Invasion of the Causal Fungus

In the diseased mulberry stems the writer observed new tissues which
were formed as the results of the progressive reactions of the host tissues to
the invasion of Gibberella lateritium (Negs) S. et H. or Diaporthe Nowurai
Hara. These new tissues are wound periderm, callus and tylosis. They are
formed only when the mulberry irees are growing vigorously.

(1) Wound Periderm and Callus Formation

The wound periderm consists of two parts. The outer part is the wound
cork layers which are composed of several layers of cork cells, and the inner
part is the wound phellogen, a layer of delicate cells which are rich in proto-
plasm. The wound phellogen produces the cork cells cutwards as seen in the
case of normal phellogen of the bark. But the wound phellogen on rare
occasions produces groups of stone cells which are mixed among the cork
celis (see Plate II, Fig. 13). The walls of the stone cells are in the lignified
state, It was observed that these cork cells and stone cells have the func-
ticn to prevent the invasion of the causal fungi.

The tissues which take part in the formation of the wound phellogen are
phelloderm, cortex, parenchyma of phloem and those cells near cambium
which have not differentiated yet. And the cells, whose membranes are in
suberized or lignified state, and the bast fibres do not form the wound phel-
logen. When the above mentioned tissues form the wound phellogen, their
healthy cells which are situated around the diseased area hypertrophy and
divide once or twice. That one of the divided cell which is situated on the
healthy side of the tissues becomes the wound phellogen. In addition. the
other of the divided cell suberizes its wall (Plate II, Fig. 12).

The callus formation can been seen in the healthy. tissues "‘Which were
divided from the diseased portion by the above mentioned wound periderm.
The cells which are produced from the callus differentiate into the various
kinds-of tissues instead of the diseased tissues. Then the wound periderm
looks to be-the normal periderm of the new tissues.
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{2) ‘Tylosis Formation .

The tyloses are found in the vessels in some portions of mulberry stems
which have been affected by the causal fungi. Plate III, Fig. 16 shows the
portions in which the tyloses are formed (the portions marked by+). The
A parts in Plate III, Fig. 16 are the portions which were killed during winter
by the invasion of Gibberella lateritium (NEEs) S. et H. or Diaporthe Nomurai
Hara. The writer could not find any tylosis in the vessels of these portions.
“The B parts in Plate 111, Fig. 16 are the portions which were invaded by the
causal fungi in early spring, when the physiclogical function of mulberry
trees commences not so vigorously as to form the wound periderm to prevent
the invasion of the causal fungi. The tyloses are found in the B parts and
also in some areas which belong to the C parts (healthy tissues).

From the resuits of the above observation it can be concluded that the
tylosis is formed also as the results of the host-parasite interaction. Plate
II1, Fig. 15 shows the tyloses which are formed in a vessel of the mulberry
stem which is affected by G. laferitium (NEES) S. et H. The walls of tyloses
are not in the lignified or suberized state so far as the writer’s cbservations
have been concerned, and sometimes the hyphae of causal fungi were observ-
ed in the tyloses. However this observation may be, the above mentioned
tylosis seems to be a kind of protector against the invasion of the causal
fungus as Yosen®® inferred that the tyloses which are formed in those stems
of water melon which are affected by F. nmivemsn have such a function as
mentioned above.

3. Discussion

The writer has stated the results of his anatomical observation concerning
the invasion of Gibberella lateritium (Nggs) S. et H. and Diaporthe Nomurai
‘HarA into the mulberry stems, and now is going to discuss on some points
additionally.

Both the modes of the invasion of the causal fungi and the degeneration
of the host tissues which were mentioned above are, generally speaking, not
different from those of the general necrotic disease of plant by fungi which
were explained by AxartL2, YosHir and KAwAMURAYD etc. )

Many opinions (%,29,20,11,15,24,38,39,9,41.etc.) have been published concerning the
pathological cause of the wilt or death of the plant in case of the so-called
tracheal diseases which are caused by Fusariwm spp. The writer has often
found during the above investigations the examples which seem to give sup-
port to YosEI'S opinion which are stated in “‘the hypothesis of the local
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destruction of water conducting tissue’.3%4 Further investigations, however,
are necessary to decide the writer’s opinion on the pathological cause of the
death of the mulberry stems in case of the “bud blight”” of mulberry trees.

As the writer stated before, wound periderm, callus, and +tylosis were
observed in the tissues of diseased mulberry stems. CunnNINcEAM® and
AxrAID divided the necrotic spots of plants which were caused by fungi into
two groups. One is the group of spots which show the progressive reaction
round them, and another is the group of spots which do not show the pro-
gressive reaction. It is no doubt that the spots of the “‘pbud blight” of mui-
berry trees and the ‘‘blight” of mulberry trees belong to the former group.

The writer has stated some opinions on the pathological significance of
the wound periderm, the callus, and the tylosis from the anatomical point of
view. But in the next chapter he will state more scientifically the pathologi-
cal significance of the wound periderm which seems to be most important for
preventing the invasion of the causal fungus.

IV. THE PATHOLOGICAL SIGNIFICANCE OF THE
WOUND PERIDERM

In the previous chapter the writer stated the process of the foermation of
wound periderm in the tissues of the mulberry stem which was invaded by
Gibberella Icteritizon (Nzgs) S. et H. and Diaporthe Nomuwrai Hara. The
purpcse of this chapter is to describe some experimental results concerning

the pathelogical significance of the wound periderm.

1. The Seasonal Change of the Wound Periderm Formation

The writer stated the seasonal changes of the invasion of G. laferitium
(NEES) S. et H. and D. Nomurai HarA into the mulberry stems in Chapter
IT of this paper.  He is going to discuss in this section the relation betwes
the seasomnal changes of the invasion degree of the causal fungi and those of
the wound periderm formation.

The symptoms and various phenomena in the disecased’ plants are, after
all, attributed to the resuits of the host-parasite interactions. It is no doubt
that the wound periderm or the wound cork layer is an important defender
to the invasion of the parasite. The wound periderm formation seems to
depend not only on the character and condition of the host but also nega-
tively on the invasion power of the parasite. '

-+ The writer investigated the -seasonal changes of the wound periderm
formation by means  of “inflicting ‘the cut injuries on the bark of the stems
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with a razor-edge several times a.month without inoculating a parasiteto the
injuries. In this case the wound periderm formation depends only- on: the
character and condition of the host and is not influenced by the parasite.

‘ (1) Materials and Methods
The supplied mulberry trees are thosé which were cultivated in the: éame
field and by the same method as those supplied for the experiments in Chap'
ter 17T, Section 1. The growth curves of the supplied mulberry trees and the
average air temperatures during the investigation are given in the teXt—ﬁg. 6.

169)

‘t;:,

Average air temperature of every decade(’c)

20

A Spring harvest %

Height of muwlberry stem (Cm)

B Summer harvest o

4 5 & 7 8 3 1o
Month

”‘ex:. fig. 6. Showing the growth curves of the supplied mulberry tress and
the average air temperatures of every 10 days

In the middie part of each stem of the mulbérry trees, a cut injury (about
1 cm length) was inflicted on the bark with a razor. Sections of the tissues
at the middle part of the cut injury were made by free hand and were stained
with Sudan III for the purpose of observing the suberization of the tis-
sues and the degree of the cork layer formation. The group of 10 mulberry
sterns was supplied for each of these injury experiments.

(2) Results

The injury experiments were carried on in 1951. The results are shown
in the table 8, the table 9, and Text-figz. 7. In the tables the average values
of three times’ injury-experiments (the injury experiment was carried out
once a day) are given.



Table 8. Showing the wound periderm formation in spring (by the injury experiment)

Date of | - ' ) . : : :
inturing ’13-15/111‘ 8—10/IV125—47/IVI 1-8/V | 9-11)V |18-15/V | 15-17/V 20-22/V Note; ‘Dags till subsrization’ mean
| Days till N the number of days till the beginning
2§ &y sluberization 36 21 14 10 5 of subsrization of the tissues around
% D& D till wound the injured bark since the injuring.
§,\ § § DE?‘?(Ilserlm eratimx 36 21 14 10 5 ‘Days t'll wound periderm forx'nation'
H E[™ &1 Cork layers formed 0 0 299 31 mean the number of days till the
et g ¥| during 12 days 0 B 10 beginning of the wound periderm
b T | Days til | . 1 formation since the injuring. ‘Cork
g8l . suberization] 27 38 21 14 1 10 5 . layers formed durng 12 days’ mean
8o §‘ Days till wound . the number of corlk layers which were
& | § | periderm formation 57 38 21 14 1 10 5 formed during 12 days since the in-
'i Cork layers formed 0 0 0 0 0.07 0.80 1.85 Juring.
during .12 days * ' e
Table 9. Showing the wound periderm formation in summer and autumn (by the injury experiment)
. 12-14  [30/-2 16-18  [25-27 [17-19 12-14  [17-19 [22-24  [28-30 i
’ Date of injuring 5—7/v11 /VI‘_[V{ JH 5—7/VII’ /an /VH}I VI 7—9/1}(\ /IX1 /ix X /IX’ 3-5/X l 8—10/X|15—17/X 20-22/X|25-27/X
3/ Days till ‘ ,
5 ol § , suberization 3 2.5 5 7 8 12 11 13 12 12 12 18 ()
g O 2.3 Days till wound 4 | 25| 5| 7 11|13 ] 13 | 13| 138 | 12 | 14 | (e0) | (0)
Bk L% § pe‘nderm formation
& 5| §| Cork layers formed 464 | 425 4.02 | 232|215 040|064 | O | 023|090 0.04| 0 | ©
S| during 12 days : )
, | Paystll 7| 7| 6| 4 4| 3| 5| 7 10|13 15 12| 12] 14 ] (0)]| (o)
'g R .suberlzatlon »
§g| Dastillwond | g} g g g 4 5| 7| 11| 18|18 | 18] 12| 12| 15 | (0) | (o0)
& ?p periderm formation ’
= 7| Cork layers formed) 9 99 | 360 | 349 | 3.33 474 | 446 | 2711221075 0 | o [o051|049| O 0| o
- | during 12 days .
o0 S . -
o x| Days till :
£ $§ suberization 8 7 7 6 3 4 6 7 13 11 13 12 12 12 19 (o0)
& |2 Days till wound 8 7 8 | 7 4 5 7 |11 | 13 | 18 | 13 | 138 | 12 | 14 | (w0) | (c0)
o0 g § periderm fermation
8 |5 | Cork lavers formed) 5 74 | 357 | 3.38 | 334 467 | 4312|239 |148| 0 [ 093| O | 060 064 005| O 0
B § during 12 days i
w Days till : .
- -'§ suberization 7 6 4 4 5 9 10 12 13 15 19 (0) | (e0) (°°)
i Days till wound
.§ periderm formation 7 6 4 5 6 9 12 13 17 19 21 (°°) (°°) (°°)
= | Cork layers formed) g 45 3 65 3.70 542 | 442|191 | 1.24, 007 0 | 0 - O ol o 0
during 12 days

(o12) o2

ONLVIN wexiel,

'€ "ON
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o

e

Summer harvest(last yeas)
Spring harvest
Summey harvest

A

j 53

f\iumber of:' cork iayers \éormed Juring 12 dayé
. o

6 7 8 9 7 o
Month

Text-fig. 7 Showing the seasonal changes of the wound periderm formation

in the mulberry stems (by the injury experiment)

2) Discussion and Conclusion

When we look over the table 8, the table 9 and the text-fig. 7, it is
-obvious that the formation of wound periderrﬁ or cork layer is most vigorous
in the latter part of July and the former part of August. The average air
temperature during this period is highest through the year as it is shown in
the text-fig. 6. TaAcucHl and Kixucai® stated that though the mulberry
trees which are cultivated by the method of summer harvest grow most
vigorously in the latter part of July and the former part of August (during
~this period the air temperatures are highest in the year), the mulberry treéé
which were cultivated by the method of spring harvest grow most rapidly in
-the latter part of Junme and the former part of July (during this period the
-day lengths are longest in the year). The results of the writer’s investiga-
tion, which were shown in the text-fig. 6, concerning the growth of the
mulkerry trees seem to support TacucHI and KIKUCHI’SV opinion. It is interest-
“ing that the formation of wound periderm or cork layer is most vigorous in
the latter part of July and the former part of August (the highest tempera-
ture period) not only in the mulberry trees which were cultivated by the
method of ‘summer harvest but also in the mulberry trees which were cuiti-
vated by the method of spring harvest. Moreover, in the former part of July
-which is a part of the mest rapid growth period of the spring hgni;est mul
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berry trees, the wound periderm formation seems rather to be checked in

some degree so far as the writer's investigations in 1951 are concerned.
Further investigations, however, are necessary to decide his opinion on this.-

point.

In 1951 the wound pefiderm formation began about the 10th day in May.

The sprouting, “Dappo’, of the mulberry trees in 1951 was observed sbout

the 29th or the 30th day in April (Kairyvénezumigaeshi—April 29, Jamonji—
April 30). So it can be concluded that the wound periderm was formed for

the first time about 10 days after the sprouting. In autumn of 1951 the
wound periderm formation ended in the latter part of October. . If we inquire

into the relation between the seasonal limit of the wound periderm formation

and the average air temperature of every decade in 1951 which were shown: 1

in the text-fig. 6, we can know that the wound periderm was formed in -the.
eriod during which the average air temperatures showed higher than 13-15°C.

The writer stated the results of the inoculation experiments concerning;
the infection from the wound on the surface of the mulbserry stems and the.
effective season of it in Chapter II, Section 1. According to the series of
invaded areas which were measured a month after the inoculations, the in-
vasion of Gibberella lateritium (NEES) S. et H. and Diaporthe Nomurai HARA
was remarkable firstly both in spring (in mulberry trees of summer harvest)
and in early summer (in mulberry trees of spring harvest; and secondly in
autumn (in both the mulberry trees of spring and summer harvest). The:

writer called these two remarkable invasion periods the first period of re-

markable invasion and the second period of remarkable invasion respectively.

The writer is going to discuss why these remarkable invasion periods
appear in a year. In spring—the first period of remarkable invasion in the
summer harvest mulberry trees—the air temperature becomes fairly conve-
nient for the growth of the causal fungi, and the wound periderm to prévent
the growth is not or little formed. So in this season the causal fungi invade:
the summer harvest mulberry trees remarkably. On the other hand the
spring harvest mulberry trees have been harvested in the early part of this
season. In early summer—the first period of remarkable invasion in the.
sgring harvest mulberry trees—the air temperature is convenient for the-
growth of the causal fungi, and the wound periderm is formed not so vigor-
ously. So the causal fungi invade the spring harvest mulberry trees re-

markably in this season. On the other hand the summer harvest mulberry

trees have been harvested in this season. In mid-summer the invasion of the:

causal fungi is repressed by the rapid and vigorous formation of wound cork.
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layers though the air temperature is convenient for the growth of the causal
‘fungi. In autumn—the second pericd of remarkable invasion in the spring or
the summer harvest mulberry trees—the air temperature is convenient for
the growth of the causal fungi and the wound cork layer is little or not

R |

formed. So the causal fungi invade the mulberry trees remarkably in this
season. In winter the invasion of the causal fungi is repressed by the low
- temperature.

According to the simultanecus observation at the end of the experiment

{on June 5 in the 2nd year} on the results of the above incculations wkhich

were done once or twice a month, the fungi which were inoculat
first pericd of remarkable invasion (early summer) stopped their invasion
when they spread in some extent and the fungi which were inoculated in the
‘second period of remarkable invasion {gutumn) and following early winter
were most destructive. The pathological explanation of these phienomena is
“to ke made also by the seascnal change of the wound periderm formation in
mulberry stems. Though the fungi which were inoculated in the first period
of remarkable invasion (early summer) invade rapidly at the beginning, their
invasion is checked in mid-summer by the rapid and vigorous formation of
wound cork layers. And the invaded tissues are replaced by new tissues
which are produced from the callus. On the other hand the fungi which
were incculated in the second period of remarkable imvasion {autumn) and
following early winter invade the mulberry stems little by little during winter
and alse early spring (the invasion in early spring is remarkable) and often

kill the stems in the long run. It is because the wound periderm to check

]

their invasion is not formed during these seasons.

YeNDO®® reported of the rare occasion that the mulberry stems were
attached and soonki]led by Fusayium sp. in summer. The general occurrence
and development of this disease under the natural condition, however, are
similar very much to what the results of the writer’s above-mentioned inocu-
lation experiments show. At any rate, there is nc doubt that the wound
periderm (or the wound cork layer) which is formed in the mulberry stems
has a defensive function against the invasion of the causal fungi as Swar-
BRICK®D, CoMan‘, CUNNINGHARM®, ToGASHI®®, Suaaw?®®, Yosan“®, STRUCk-
MEYER and RICKER®® etc. inferred that the wound periderms in cther various

plants bhave the same function.
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2. The Formation of the Wound Periderm in the Stems of Some
Varieties of Mulberry Trees

Suaw® studied the resistance of apple and other rosaceous plants to-
“fire blight.”” He observed that the formation of new cork layer occurred
sooner in the resistant varieties than in the susceptible varietiss. Yoszir“o:
investigated the reason of the immunity of Cucurbita and Lagenaric to the
invasion of Fusarizm niveum which causes the wilt of the watermelon. He
explained thet the reason of the immunity of Cucurbita and Lagenaria to the.
fungus depends wholly upon the defensive action of both the lignified stelar
tissue which borders the affected and disintegrated portion of the rootlet and
the suberized walis of the tissues behind the lignified stelar. STRUCKMEYER
and R1xkEr@® studied the relation between the wound periderm formation in
white pine trees and the resistance to blister rust. He also observed that the
wound cork cambium and cork layers were formed to prevent the invasion of
the cousal fungus in the trees which have greater resistance to the fungus,
and that in the trees which have less resistonce the wound cork cambium
was not formed ond so the fungus penetrated into the inner part of the tissues.

The purpose of this section is to describe the resulis of the writer’s ex-
periments concerning the relation between the formation degree of the wound
cork layers in some varisties of mulberry trees and the resistance to the “bud
blight.”

(1) Materials and Methods

The variety nomes of the supplied mulberry trees are shown in the table.

.10, And these mulberry trees are those which have bzen cultivated for msny
years in the specimen farm of this Faculty by the method “Negari” training
(2 kind of short stemmed training) and of spring harvest.

The experiments of injury and inoculation were carried out in order to
know the degrees of wound cork layer formation and the resistance to tﬁe.
“pud blight” in the varisties of mulberry trees. The methods of these experi-
ments are just the same as those stated in the previous section and in Chap-
ter 11, Section 1.

(2) Results

{a) The injury experiment; the injury experiments were carried out in
June and July of 1950, and the wound cork layers which were formed on the
both sides of each injured part of the stems were measured two or three
weeks after the injuring. The results are given in the table 10, in which the-

average numbers of the wound cork layers of 6 injured stems are shown.
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Table 10. Showing the number of wound cork layers which were formed in the

stems of various mulberry trees (by the injury experiment)

mulberry tree §E § “ Sﬁ E S g E 3 '§,, Z‘§ S S . § =
Cortex 1 | 1.52 2.67 2.27) 2.95 .31 3.03; 2.88 3.32) 3.16 320 — | 3.35 3.08 3.80
Cortex II 2.40, 3.36) 3.37| 3.65 3.63 3.95 4.09 4.07| 3.46 450 — | 3.95 3.97) 4.03
[ | Phioemn 1 2.86| 3.39) 3.49 4.08 3.34 4.00 3.69 4.42 4.45 4400 — | 3.98 4.29 451
“Phloem II 3.35 3.78| 3.57| 4.57) 4.09 4.29 4.24| 4.36| 4.06 451 — | 454 444 4.89
Phlosm IT1I | 3.75 3.69] 3.69 4.11 3.95 4.79 4.45 4.19 4.26 496 — | 4.37 474 4.58
Comblum and un. | 350 3.74) 3.59) 3.21) 3.01 4.69 4.05 4.08) 4.27) 4.08 — | 3.50| 5.49] 4.70
ifferentiated cells | ;
Cortex I zrisi 3.78| 3.81] 3.58) 4.09| 3.12 3.40 3.66/ 3.31 3.33 413 4.61 481 3.91
Cortex I1 4.08 4.49 493 430/ 5,16 433 4.47 4.41 5.06 5.49 5.35| 5.46 5.85/ 5.19
[ | Bhioem I 3.93 4.04 5.38 403/ 5.73 4.66 4.80 5.6 5.86 5.76, 5.74 5.90| 6.55 6.00
Phloem i1 4.18 4.01] 5.36) 4.86| 6.61| 5.18 4.96 5.55 5.88 6.02 5.96 6.94 7.01 6.26
Phloem IIT | 4.74 3.58 5.00) 5.72 5.4 5.52 514 5.86 5.85 6.04 6.08 5.79% 6.76] 5.77
gf‘fzfe‘:flj:f el — %3.631 — | 4.60] 4.66 3.001 5.16 3.98 4.34 4.31 452 5.00 4.62 4.70
Cortex T 3.11) 410 375 4.00 4.06) 4.57 3.30/ 4.52 4.04 3.94 4.33/\ 312 471 — | 4.06
Cortex 11 5.36 6.18 6.09 4.49 4.95 5.81 5.99 5.62 6.05 5.48 522 6.26 — | 6.42
Phloem I 5.46 6.82) 6.14] 5.96| 5.28 6.19 6.01] 5.92 5.87 5.50 5.17 6.19 — | 5.83
UL phicem 11 6.18 7.53 6.38 6.68 5.90 6.99 6.44 6.27 6.44 5.84 5.37 7.16 — | 7.13
Phloem III | 5.63 6.49 6.12| 6.25| 6.52 6.37, 6.83 6.57 6.07 5.92 4.90 5.79 — | 6.19
gff;’::;gaj:f:e“ﬂs 4.93/ 5.61) 4.90) 6.C0 4.96 5.03 5.64 4.75 5.24 4.98 5.02 4.80 454 — | 5.02
Cortex 1 2.46/ 3.50) 3.28 3.51] 3.82| 357 2.19 2.83 3.50 3.64 2.63 422 3.95 3.92
Cortex I 3.95| 4.68| 4.80| 4.15 4.58 4.70 4.85 4.70 4.86 5.16 5.20 522 4.91 5.21
o | Phloem I 4.08 4.75 5.00 4.69 4.78 4.95 4.82 5.17 5.39 5.22 5.46 5.26 5.42) 5.45
£ | Phloem 11 4.57 5.11| 5.10| 5.27 5.53 5.49 5.21| 5.39 5.46 5.46 5.67| 6.21 5.73 6.09
Z | Phloem IIT | 4.71 4.59| 4.94| 5.36| 5.30| 5.56| 5.49 5.54 5.39 5.64 5.43 5.32 5.75 5.51
ey, o] 4.22) 4.83) 4.25| 4.60) 421 4.24) 4.95 4.27) 4.62) 4.54) 4.47 4.6 435 5.06] 451
Total 23.99 26.96§27.37‘27.68i28.22;28.51228.52%28.90 29.22‘29.53}29.59‘30.2@130.68}30_.82 30.99

Notz; (1) 1 experiment: injuring—Jun. 6, measurement—Jun. 20. II expesriment:

injuring—Jun. 15, m=asuremsnt—Jul. 7.

surement—Jul. 7.

-

The boundarv of them is the stone czll.

middle and inner parts of phloem.

II] experiment: injuring—Jun. 18, mea-

(2) Cortex I and II mean the outer and inna2r parts of cortex.

Phloam I, II and III mean the outer,
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{b)
cut in December of 1949

The inoculation experiment; the inoculaticn experlmems were carried
in March and Dec: mber of 1950, c.:ad in March of
1951. The purpose of the inoculation experiments which were done in Decem-
ber of 1949 and 1950 is tc make clear thes resistance of the various varieties
This
The resistance

of mulberry trees during winter to the invasion of the causal fungus.
purpese is very important from the practical point of view.
of mulberry trees during winter, however, have no cennection with the
formation of the wound periderm in the mulberry trees. The purpose of the
March of 1950 and 1951 is to

varieties of mulberry tress during

inoculation experiments which were done in
make clear the resistance of the various
spring and summer to the invasion of the causal fungus. The purpose of
the latter experiments is less important from the practical point of view than
that of the former experiments. But the resistance of mulberry trees during
spring and summer is supposed to be clesely cormected with the formation
degrees of the wound periderm in mulberry trees.

The results of these inoculation experiments fluctuated fairly much. More
precise plan of experiments must be carried out in future to determine tihe
degrees of the resistance of the varieties of the mulberry trees. However,
Table 11. Results of the inoculation experiments on various mulberry trees

which were done in March of 1950 and the number of wound cork layers

is explained in the note of Table 3.

measured on the both sides of each invaded area.

R NEEEERER 3
ariety name Sl Ly ;B B S | ‘ s
mulberry tree ™| 2 S LS i 3 = 3 R R s I3 =
é": FlEls izl sy 3| % %3 =
= S S S ZM&@;'@;DZIN
Index of invaded area ‘45 38 16.6030.95 30. 50‘; 5. 5@}23.30}34 45]68 1533.3046 90;36 4074. 84}162.00
- ( Cortex T \ 1,36 3.66| 5.85| 6.64 4.95| 5.07) 4. 18] 4.99) 5.64 4.82 5.51 6.3¢] 3.08
£ | Cortex II | 4. 58: 388\ 4.75 6.40| 5 59 5.60 3.92 4.79) 5.46, 2 34‘ 5.86 7.17) 4.37
l§§ Phloem I | 4.46) 359 4.18 428\ 474 424 317 4.33 3. “‘75i 3.03 5.91 6.19| 5.52
52 | Phloem II | 0.94 2.44) 3.13| 4.07 4.38 3.42 2.79 291‘ 4.00/ 3.35) .23| 4.60
a%}rhloomm “—1—‘-———‘~————‘——~——-—
'_g 8 Cambium and un- ! | o — . [ - ___ ‘ l . —
v = | differentiated cells ! ] } i | \
= Total 14.84/18.5717. 91.21 3919, 66{18 33‘14 06J17 02[18.9514.7422.2022. 93 17.57
Note; (1) Inoculation: Mar. 31, measurement: Jul. 5. (2) Index of invaded area

(3) The number of wound work layers is

numbers of wound cork layers of 5 invaded areas are shown.

II, phlgem I, II and III are explained in the note of Table 10.

(4) Cort

In this table the average

ex I and
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the resulis of the inoculations which were done in ‘Maréh of-1950" are “shown
in the table 11 as the results seem to suggest the pathological  meaning of the
wound periderm formation.

(3) Discussion and Conclusion
We can know from the table 10 and the table 11 that there are no great
differences ‘of the degrees of wound cork layer formation among the supplied
varietieé of mulberry‘tr'eés. ‘And if we inguire into the relation between the
invaded areas and the degrees of wound cork layer formation according to the
table 11, we can know that the varieties of mulberry treés, which have small
invaded areas, did not necessarily form many cork layers around the invaded
areas. For instance, though Kemmochi has the smallest invaded areas of all
varieties, the degree of the cork layer formation on it is the lowest of the
all varieties. This result seems to suggest that the wound cork layer is not
the only defensive factor against the invasion of the causal fungus. Here the
writer must discuss the speed of the wound cork layer formation in the sup-
plied wvarieties of mulberry trees. Because, though Kenmochi does not form
many cork layers, the invasion of the causal fungus upon it may be sooner
prevented than that upon the other varieties, if the wotnd cork layer forma-
tion on it is more speedy than on the other varieties. The writer intends to
discuss this problem making reference to the tables 8 and 9 as well as the
table 11. It is obvious from the tables 8 and 9 that in spring (and in autumn)
the wound cork layer formetion on ]ﬁmbnji is not sooner than that on Nezu-
migaeshi or Kairyonezumigaeshi. Nevertheless, the invaded areas on Jumonji
are far smaller than the invaded areas on Nezumrigaeshi or Kairyonezumigaeshi
(see Table 11). These experiméntal results seem also to sﬁ‘ggest that the
wound cork layer formation is not the only defensive factor against the in-
vasion of the causal fungus, though there is no doubt that the wound cork
layer (or the wound periderm) formation is a very important defensive factor.

V. COMPARISONS BETWEEN THE OCCURRENCE AND DEVELOPMENT
OF THE ““BUD BLIGHT”’ Megare-Disease AND THOSE OF THE
~ “BLIGHT” Dogare-Disease OF MULBERRY TREES"

In Chéxpter I-1V the ‘writevr stated the results of his éxperiments concern-
ing the occurrence and 'dex%éldpment ‘of the “bud blighf”, Megare-disease, of
mulberry tréeé:. In <SO‘II.1€7‘, cases of these éxperiments he inveétigated the
occurrence apd dew}el'opjment‘ of the “blight”, DogareQdiséase, of mulbe_zrry

trees additionally. He ‘intends to discuss in this chapter the pathological
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differences between the ‘Gecurrence: -and -development |of -Megare-disease- and
those of-Dogare-disease.’ . ; =iy - i !

1. The Occurrence of These Diseases in Heavy Snowfall Zones

The “blight”’, Dogare-disease, of mulberry trees spreads over the heavy
snowfall zones in Japan. Though this disease breaks out sometimes in slight
snowfall zones, it is of no account from the practical point gf view. There is
no doubt that the occurrence of this disease- has deep connection with the
heavy sn0wlayer Aox1® has dorle pathological investigations of .this disease
m the heavy snow fall zones. Accordrng to h1rn the mulberry trees are at-
tacked by the causal fungus which conceals 1tself in the lentlcels only when
the mulberry trees have been weakened by various causes, mainly by -their
being buried under the accumulation of heavy snowlayer for long time.

On the other hand. the ‘“‘bud blight”’, Megare-disease, of :mulberry trees
spreads over almost all the localities of Japan And it has k been generally
believed that the occurrence of this disease 1s without connection w1th the
heavy snowlayer.  But the yvnter concluded in Chapter II Sectlon 3 that the
mulberry trees in heavy snowfall zones can be attacked thr ough lenticels on
the surface of the stems not only by the causal fungus of the “bhght Dogare-
disease, but alsc by the causal fungus of the “bud. blight”, Megare -disease.
In other words, it is inferable from both the writer’s inoculation experiments
and AoxI’s investigations of the fungi which conceal themselves in the lenti-
cels under the natural condition that some portion of the damages which have
been regarded to be caused by Dogare-disease in heavy snowfall zones must
be attributed to Megare-disease.

The infection of these diseases from the wounds on the surface of mul-
berry stems will occur in heavy snowfall zones not less than in slight snow-
fall zones. But from the patholdgical point of view this subj'ect will be in-
cluded and discussed in the following section.

2 The Occurrence of These Diseases in Slight Snowfall Zones

There is no doubt that in slight snowfall' zones Megare-Disease breaks
out more frequently than Dogare-Drsease These d1seases 1n shght Snow-
fall zones do not occur from the lenticels but from the wounds on the surface
of mulberry stems as the wnter stated in Chapter i1, Accordmg to the in-
oculat1on experiments wh1ch were mentmned in. Chapter I, Sectlon 1, the

causal fungus of Dogare d1sease can - 1nfect the mulberry stems from the
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wounds on theu’ surface not less than the causal , fungus: of Megare d1sease
It is supposed that the d1fference between the occurrences . of these d1seases
under the natural condition and those in ,the, inogulation experiments comes
from the difference of the environmental factors of these two cases. For
xample, in case of the inoculation expenments the causal fungi. are:always
kept in the Julce of the mulberry stems or in 1009 air hum1d1ty,vbecause the
inoculated parts of the stems were painted with vaseline. But under the
natural condition that wounds on the surface of the mulberry stems, which
are to be the entries of the causal fungi, are not necessarily moistened with
water drops or kept in 1009 air humidity.

The writer made clear the fact that the conidia of Diaporthe Nomurai
are more influenced by the moisture of atmosphere thon the ¢éonidia of Gib-
berella lateritium when they germinate. In this comparative experiments
following methods were adopted. ‘Several drops of water (solution containing
extract of bark of mulberry stem), which contains the conidia of G. latesifiem
or D. Nomurai, were placed on sterilized slide-glasses and were dried in the
room temperature. These slide-glasses were kept at 25°C {for 15-16 hours in
those atmospheres with definite relative humidities which were made by using
sulphuric acid of various concentrations. Then the germinabilities of the co-
mcha were counted. The group of four strams (collected from various locali-
tles; of G. laz‘enz‘mm and the group of four strains (collected from various
loeahtles) of D Nomurai were supplied for this comp"rthe investigations.
And three times’ experiments were carried out for every strain.

According to the results of the experiments; there was no marked differ-
ence of the germinability among the conidia of four strains of each causal
fungus. - But there was remarkable difference of the germinability between
the conidia of Gibberella lateritium and the conidia of Diaporthe Nomurai as
the table 12 shows. Table 12 shows that the conidia of Gibberella lateritium
germinated slightly even in 899 relative humidity. On the other hand the
conidia of Diaporthe Nomurai did not germinate except in 1009%  relative
humidity. When the incubating hours were prolonged more than 16 hours, the
conidia of Diaporthe Nomurai germinated slightly in 97.5% relative humidity.
But in this case the conidia of Gibberella lateritinm germinated better than in
the table 12.. From these facts it is concluded that the conidia of Diaporihe
Nomurai necessitate more moisture than those of Gibberella lateritium when
they germinate.

In the writer’s inoculation éxperiments. on the infection from the wounds
on the surface of mulberry stems, both, the causal fungi were always kept in
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' Table 12 The effect of relatlve humldltxes of atmosphere upon the germmabdzty

" of the comdxa of Gibberella lateritinm (NEES) S. et H. and Dzajyorthe Nomumz

HARA (average values of all expernments are shown)’

‘ R;?:;ti)‘;ea?:nrg;: Spor eS;y counted 7 Germi‘? abﬂ‘ity’ bflzaé?ogftg?);?l-’logld;:SIZ gfrl?rszelaf
[ phere 6 Co(w) tion tubes (u)

| 100% § 3959 61.1 274.3 603.8
E 97.5% 3717 10.5 82.2 63.2
3 959 3648 2.8 17.7 20.3
i 92% 3927 . 2.0 11.8 10.9
899% 3985 0.3 21.8 5.3
'100% 3867 55.8 69.3 82.8
§ 97.5% | 4276 0 \ 0 0
5 959% | 3922 o | 0 0
Z 929 3875 0. \ 0 0
89% 3802 0 i 0 0

| |

the juice of the mulberry stems or in 1009

air humidity. On the other hand
under the natural condition the wounds on the surface of the mulberry stems
in slight snowfall zones are not necessarily moistened with water drops or
kept in 1609 air humidity. This condition of wound under the natural con-
dition is markedly different from the condition of wound in the writer’s in-
oculation experiments. It is doubtful that the difference between the occur-
rence of Dogare-disease under the natural condition and the occurrence of
the same disease in the writer’s inoculation experiments depends wholly upon
the difference of wound conditions in these two cases. There is, however, no
doubt that the difference of wound conditions which was mentioned above is
one of the causes. Further investigations must be planned in future on this

problem. At ariy rate, it can be concluded from the results of the writer’s
inoculation experiments and also from the observations on the occurrence under
the natural condition that the healthy mulberry trees in slight snowfall zones
are attacked through the wounds on the surface of the mulberry stems not

only by Gibberella lateritium but also by Diaporthe Nomurai.

3. . The Development. of These Diseases

Concerning both the modes of invasion of the causal fungu§ into the
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tissues and cells of the host, and of the degenerations of the tissues and cells
-of the host, the writer could not find the essential difference between Megare-
disease and Dogare-disease. But generaily that necrobiotic areas (in the
-early stage of degeneration) of the bark which were caused by - Dieporihe
Nomurai are far larger and more irregular than those caused by Gibberella
lateritiwm. And the invasion of the former seems to be more rapid than that
-of the latter.

Wound periderm, callus, and tylosis were observed in the tissues of mul-
berry stems which were invaded by G. lateritium or D. Nomurai. They are
formed as the results of the progressive reaction of the mulberry stems to
the invasion of the causal fungi. Especially the wound periderm has a very
important defensive function against the invasion of the causal fungi. And
the seascnal changes of the wound periderm formation have much relation to
the development of these diseases as the writer stated in Chapter IV, Section
1. In short, as the wound periderm is little or not formed in autumn, in
winter, and in spring, the causal fungi which entered (or infected) the tissues
-of mulberry stems from the wounds or through the lenticels can invade the
mulberry stems easily in these seasons (but in winter the invasions are
repressed by the low temperature). On the other hand in summer their
invasions are repregsed by the rapid and vigorous formation of the wound
periderm. In addition, the infection through the lenticels can occur only
when the mulberry stems were weakened by various causes, mainly by their
being buried under the accumulation of the heavy snowlayver for long time
as Aox1® explained, while the infection through the wounds on the surface
of mulberry stems occurs very easily except in summer.

The writer has not found the essential difference between the development
of the “bud blight”, Megare-disease, and that of the “blight’’, Dogare-disease,
of mulberry trees.

Summary

This paper deals with the pathological studies of the ““bud blight”” of mul-
‘berry trees, especially of the occurrence and development of this disease in
comparison with those of the “‘blight” of mulberry trees.

1. The seasonal changes of formation of sporodochia and perithecia of
the causal fungus (Gibberella lateritium (NEES) S. et H.) were investigated.
Several strains of the causal fungus were inoculated on mulberry stem media
~three times a month (on 5, 15 and 25 day of every month) and were cultured
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in the laboratory under the natural temperatutre and diffused light.. The num-
bers of sporodochia and perithecial stroma, which were formed on mulberry-
stem media, were counted after a month culture and two months culture.
According to the results of the experiments, which were done at Ueda for
three years, the formation of sporodochia began in March and ended in
December, and was most vigorous in mid-summer. On the other hand the
perithecial stroma were formed in every month. But the formation degree in
winter was very slight, and the seasonal changes of the formation showed a
bimodal curve (the formation was most vigorous in June and August.)

2. The infection through the wounds on the surface of mulberry stems.
and the effective season of it were investigated. The first experiment was
carried on during the period from June of 1949 to May of 1950, and the second
experiment was carried on from June of 1950 to May of 1951. Inoculations
were done once or twice a month. According to the series of invaded areas.
which were measured & month atter the inoculations at the 1Ist and 2nd ex-
periments, it was known thet the invasion of the causal fungus (and also the.
causal fungus of the “‘blight”’, Diaporthe Nomurai Hara) was remarkable
firstly both in spring (in mulberry trees of summer harvest) and in early sum-
mer (in mulberry trees of spring harvest) -and secondly in autumn (in both
mulberry trees of spring and summer harvest), while their invasion was not so-
remarkable in mid-summer and was very slight in winter. The writer called
these two remarkable invasion periods the first period of remarkable invasion
and the second period of remarkable invasion respectively.

According to the simulianeous observation of the resuits of the above
inoculation experiments at the end of both experiments, it was known that
the fungi which were inoculated in the first period of remarkable invasion
stoppad their invasion when they spread to some extent, and the fungi which
were incculated in the second pericd of remarkalble invasion (autumn) and
following early winter were most destructive.

3. The infection through the wounds on peticles which are made by
the harvest of mulberry leaves was investigated. The mulberry leaves were
cut off at the bases of petioles. And macroconidia of the causal fungus were.
‘inoculated into the wounds at the bases of the petioles. The results of the.
inoculation experiments did not show such remarkable invasions as ‘those
which were seen in the inoculation experiments on the infaction through the
wound on the surface of mulberry trees, though the invasion was found a.
little at the border part of the petiole and the ‘stem.

4. The infection through the lenticels on the surface of mulberry stems.



No. 2 Pathologicat ‘Stiiies of the “‘Bud Blight” I. @33y 39
was investigated. The writer applied Aokr’s drain pipe method to the “bud
blight”” of tulberry trees and experimenteéd whether Gibberells lateritivm.
(Neps) S. et H. could infect the mulberry stéms through the lenticels of
wealiened mulberry stéms or not. The results of the experiments show that
mulberry trées are infected through lenticels by Gibberella lateritium as well
as Diaporthe Nomumi, if the mulberry trees are managed by Aoki’s drain
pipe method or they lie under the heavy snowlayer. From both results of
the writer’s inoculation experiments and AoxI's investigations on the fungi
which conceal themselves in lenticels undéer the natural condition, it is inferred
that the mulberry trees in heavy snowifall zones are attacked through the
lenticels not only by the causal fungus of the “blight’”’, Dogare-disease, but
also by that of the “bud blight”, Megare-disease.

5. Both the modes of the invasion of the causal fungi into the tissues
and cells of the host, and of the degenerations of the tissues and cells of the
host were explained. On the other hand, wound periderm, callus, and tylosis
were observed in the tissues of mulberry stems which were invaded by Gib-
berella lateritium or Diaporihe Nomurai. They are formed as the results of
the progressive reaction of the mulberry stems to the invasion of the causal
fungi. Espzacially the wound periderm was observed to have the function to
prevent the invasion of the causal fungi.

6. Some experiments concerning the pathological significance of the
wound periderm (or the wound cork layer) were made. Firstly, the seasonal
changes of the wound periderm were investigated. It was known that the.
formation of the wound periderm: is most vigorous in the latter part of July
and the former part of August (the average air temperature during thsse
pericds is highest through the year), though the formation occurs during the
period from the former part of May to the latter part of October at Ueda.
The relaticn between this experimental results and that seasonal changes of
the invasion of the causal fungi which were stated in this paper has been in-
quired. And it is confirmed that the wound periderm (or the wound cork layer)
has a important defensive function against the invasion of the causal fungi.
Secondly, the degree of the wound periderm formation in the stems of some.
varieties of mulberry trees was investigated. And the relation bhetween these
results and the resistance of the mulberry trees to the ‘‘bud blight”” was inquir-
ed. This inquirement results in the suggestion that the wound cork layer is
not the only defensive factor against the invasion of the causal fungi, though
there is no doubt that the wound cork layer is a very important defensivé factor.

7. Compdrisons between the occurrence and development of the “bud
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plight’’, Megare-disease, and those of tlr}e ‘“blight”’; Dogare-disease, of mulberry
trees are made. Firstly, the occurren_cé of these diseases. in .heavy snowfall
- zones were discussed. The writer inferred that some portion of the damages
which had been regarded to be caused by Dogare-disease in heavy snowfall
zones must be attributed to Megare-disease. Secondly, the occurrence of
these diseases in slight snowfall zones was discussed. It has been ascertained
by the writer’s incculation experiments that the mulberry trees are attacked
through the wounds on the surface of them not only by the causal fungus
of the “bud blight,” Megare-disease, but also by that of the ‘‘blight,” Dogare-
disease. On the other hand the writer has made clear that the conidia of
Diaborihe Nomurai are more influenced by the moisture of atmosphere than
the conidia of Gibberelle lateritium when they germinate. This fact seems to
have relation to the difference of the occurrence of these two diseases under
the natural condition in slight snowfall zones to some extent. Thirdly, the
development of these diseases was discussed according to the anatomical
-obgervations and some experimental resuits, 1{@ was concluded that the writer

had not found the essential difference in the development of these two
diseases.
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Explanation of plates

Plate 1.
Results of the inoculation experiment on the infection through the wounds on the
-surface of mulberry stems. (Fig. 1-3)
Fig. 1-2 The “bud blight,” Megare-disease.
Fig. 3 The “blight,” Dogare-disease.

“The invasion of the causal fungus of the “bud blight” into the bark of mulberry

‘stems and the degenerations of the bark cells. (Fig. 4-8)

Fig. 4 Cells of cortex which are in the necrobiotic condition.

‘Fig. 5-6 Parenchymatous cells of phloem which are in the necrobiotic condition.

‘Fig. 7 A hypha which is resolving the cytoplasm in a parenchymatous cells of

phloem.

Fig. 8 Hyrhae which go forward between the cells of the cortex.

Plate II.

“The invasion of the causal fungus of the “bud blight” into the wood of mulberry
-stems. (Fig. 9-10)

Fig. 9 Hyphae which go forward in the cells of medullary ray.
Fig. 10 Hyphae which go forward in the parenchymatous cells of xylem.

“The wound periderm arcund the diseased area. (Fig. 11-13)

Fig. 11 A cross-section of the mulberry stem which is affected by the “bud blight”.

A normal wound periderm around the diseased area (left part) is shown.

‘Fig. 12 The process of the wound periderm formation. It is explained in p. 22

The dotted area shows the wound phellogen.

Fig. 13 Stone cells which are mixed among wound cork layers.

Plate III.

“The wound periderm and the tylosis (Fig. 14-16) _

Fig. 14 The wound periderm (W.P.) which was formed around the injured bark
(I.B.) (by the injury experiment).

Fig. 15 The tyloses which were formed in a vessel of the mulberry stem affect-
ed by the “bud blight”.

Fig. 16 Showing the portion in which the tyloszs are formed (the portions
marked by+). The A parts are the portions which were killed during
winter by the causal fungi. The B parts are the portions which were
invaded by the causal fungi in early spring. The C parts show the
healthy tissues.
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