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I. Introduction

In Japan the mosaic disease of broad bean was noticed for the
first time by Dr. FUKUSHI in Tottori in 1928. In the summer of
1935, mosaic diseases made their appearance on the pea and broad
bean plants which were grown in the experimental plots of the
University Farm in Sapporo.

Recent investigations appear to indicate that the mosaic diseases
of pea, broad bean and red clover are all intertransmissible and these
diseases may probably be caused by the same agency and that the
virus may overwinter in the red clover. (DoOOLITTLE and JONES

[Jour. Facul. Agr., Hokkaido Imp. Univ., Sapporo, Vol. XLIV, Pt. 1, October, 1938]
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(1925) ©, BONING (1927) W, CHAMBERLAIN (1937) @, MURPHY and
PIERCE (1987) 29, PIERCE (1937)#®, and FUKUSHI (1937)0%).

Tt is considered to be most significant to investigate the physical
properties of the virus of broad bean mosaic in order to make certain
regarding the relations above mentioned and to identify it with other
legume viruses hitherto reported. The present work was undertaken
to obtain some ideas on the physical properties of the virus of the
mosaic disease of broad bean. It was carried out during the period
from 1935 to 1937.

The writer wishes to acknowledge gratefully his indebtedness to
Dr. S. ITo and Dr. Y. TocHINAI, Professors of Hokkaido Imperial
University, and to Dr. UEMURA, Director of Morioka Imperial
College of Agriculture and Forestry, for their kind advices. Thanks
are also due to Dr. FUKUSHI, Assistant Professor of Hokkaido Im-
perial University, for his constant encouragement in the course of
the present investigation and for reading this manuseript and also
to Prof. HASEGAWA for kind help rendered in the work on H-ion con-
centrations and to Prof. KosAKA and Assistant Profs. YAMAMOTO and
OKUMA in the greenhouse work at Morioka College of Agriculture
and Forestry.

II. Review of literature

The earliest report concerning the mosaic disease of broad bean
plant was made by DICKSON®, who read a paper on mosaic diseases
of plants before the meeting of the Canadian Division of the
American Phytopathological Society which was held in 1920. Cyto-
logical studies of mosaic broad bean plants were published by Dick-
SON (1922) ®, NELSON (1923)@V, gnd SCHAFFNIT and WEBER
(1927) 3V, In 1927, BONING® described, in detail, the external and
internal symptoms and the results of transmission experiments of
the mosaic disease of broad bean plant. The relation of aphids to
‘the transmission of broad bean and other legume mosaics was also
reported by VAN DER MEULEN (1928) ¢4 and MERKEL (1929) @®, In
1930, FUukusHI® reported the occurrence of this disease in Japan.
In 1934, IMAI(® stated that the broad bean mosaic was readily trans-
mitted by the agency of three species of aphids, Aphis laburni,
Acyrthosiphon pisi and Rhopalosiphum persicae and that it was suc-
cessfully transmitted through plant juice. The relation of broad bean
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mosaic to other legume mosaics has been reported by many investi-
gators (REDDICK and STEWART (1919) 9, ELLIoTT (1921) (", KURI-
BAYASHI (1926) (®, BONING (1927) @, VAN DER MEULEN (1928) 3%,
MERKEL (1929) 9 IMATI (1933, 34) 213 SA1T0 (1935) 89, JOHNSON
and JONES (1936, 37) (%15 HARTER (1936) VD, CHAMBERLAIN
(1936) ®, ZAUMEYER and WADE (1935, 36) (35,3630 PIiErcE (1935,
87) %29 STuBBS (1936, 37) (32.33)) OSBORN (1934, 35, 37) (22,28, 24 29),
MUuURPHY and PIERCE (1937) 29 gnd FUKUSHI (1937) a9,

III. Symptoms of the disease

The most characteristic symptoms of this disease are the mottling
of the leaves due to the presence of light-green areas of various shapes
and sizes and the dwarfness of the plant, as in the other mosaic
diseases of plants. The symptoms closely resemble those of the
“Marmoriermosaik” of BONING. The symptoms are more or less
various, depending upon the age of the plant when inoculated and
the environmental conditions under which the plants are grown.

The first noticeable symptoms of the mosaic disease usually ap-
pear on the growing leaves as a slight upward curling and distortion
and the leaves become at the same time more or less lighter green.
As these leaves increase in size, the slight clearing of the veins or
numerous clear spottings make their appearance. Later dark-green,
irregularly shaped areas appear adjoining the light green portions
which develop along the veins. As these leaves grow larger, the
dark-green areas develop rapidly into large, irregular swellings,
whereas the yellowish green portions are markedly reduced in their
growth and remain unthickened. The mosaic-infected leaves are
smaller and narrower than healthy ones, exhibiting a slight waving
and curling of the edges and wrinkling. The leaflets also show ex-
treme malformation; sometimes the apex of the leaflet is divided
into two portions or tapers towards the distal end. In the most
advanced stages of the disease the green areas occupy only small
areas and larger portions of the leaflet become pale yellow. The
mosaic patterns also appear on the stipules. The symptoms usually
appear on the young shoots and leaves which developed after infec-
tion, while the older leaves which have almost completed their growth
before infection appear entirely normal. On the stems of the in-
fected plants, elongated dark brown specks are often produced, form-
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ing fine interrupted streaks. The plants infected at a very early
stage of their growth become severely stunted. The blossoms of the
affected plants are few in number. In particularly severe cases the
plants often develop small, misshapen blossoms: in such cases the
pods are small and may produce cnly few viable seeds.

IV. Materials and methods
Materials

Most of the experimental work was carried out in the green-
house at Morioka Imperial College of Agriculture and Forestry,
though a part of the work was performed at Hokkaido Imperial
University. As for the source the virus was obtained from mosaic-
infected broad bean plants grown in the Experimental Farm of Hok-
kaido Imperial University in 1935. The plants used for inoculation
were vigorously growing young broad bean plants (Vicia Faba L.)
of Issun-Soramame variety. The seeds were sown in sawdust in
wooden boxes. Being sprinkled every day, these seeds began to
germinate in about a week in the greenhouse. Then the germinated
young plants were immediately transplanted into humus soil in four-
inch pots. When the potted plants were ascertained to be healthy
and the fifth or sixth leaf was just beginning to grow or when the
plants reached 10 to 25 ecm. in height, they were used for inoculation.
The number of plants incculated ‘in each experiment was ten and

great care was taken to use healthy plants of nearly the same age
and uniform size.

Methods

All glass wares, mortar, scalpel and needles to be used were
thoroughly washed and sterilized by boiling for about half an hour
in the water bath or by KoCcH’s steam sterilizer. Fresh, young leaves
and stems of mosaic-diseased broad bean plants were thoroughly
ground in a sterilized mortar and filtered off through two thicknesses
of thin cotton cloth. The filtrate was used for inoculation.

Inoculations were performed by pricking each plant with the
needle. A large drop (approximately 0.5 c.c.) of the inoculum was
placed with a sterile scalpel on a leaf axil and with a sterile needle
about 30 pricks were made through the fluid. Three inoculations
were made on each plant on the axils at the basal part of the stem.
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Between different inoculations the needles and scalpel were flamed,
while the hands were washed with soap several times. All the inocu-
lations were performed in the afternoon and then the floor of the
greenhouse was watered so as to prevent a too rapid drying.

V. Experimental results
A. Effects of dilution

In order to obtain some idea concerning the effect of dilution
upon the infective power of the juice of mosaic broad bean plant,
the following experiments were carried out.

Young stems and leaves of the mosaic-infected broad bean plants
were ground in a sterilized mortar and the expressed juice was
filtered through two thicknesses of thin cotton cloth. Using sterilized
graduated cylinders and pipettes, the desired dilutions were obtained.
The inoculations were made beginning with the highest degree of
dilution to avoid accidental infection by contaminated hands. The
results of the experiments are shown in summarized form in the
following table.

TABLE I. The effect of dilution upon the virus in the extract
from mosaic broad bean plants
TABLE Ia
No. of No. of No. of | Incubation | Percentage
experi- inlggfleagiﬁm Dﬁfﬁi,‘;f _ plants _plants eriod . of
ment inoculated | infected (in days) | infection
% 10,000 10 0
’ : 5,000 10 0
1 |Sep.-4 "85 717000 10 0
cont.* 10 10 7-12 100%
1 l,gOO 10 0
, 1 : 500 10 0
2 | Cet- & '35} 7 1 300 10 5 10-14 50
cont. 10 6 10-12 60
1 :7300 10 0
’ 1: 100 10 2 8-10 20
8 ]0ct-26 7351 77 "5 10 7 8-16 70
cont. 7 6 819 86

# Undiluted mosaic juice.
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TABLE Ia (Conttnued)

No. of No. of No. of | Incubation | Percentage
experi- | . D atf g-i:m %?FrgiOf plants plants period of
ment |'mocuiau Huton | yroculated | infected (in days) | infection
1 : 200 }0 4 10-20 gg
s 1 : 150 0 5 10-20
4 |Feb.1 736 7 309 10 3 10-17 30
cont. 10 6 10-20 60
1 : 300 10 3 13—-20 gg
s 1 : 250 10 2 -13
5 |Mar.2 786 7 5 10 4 813 40
cont. 10 8 8-20 80
1 : 300 10 6 10-20 60
1 : 250 10 2 10 20
6 Mar.5 ’36] 1 : 200 %8 2 102 38
1 : 60 7 10-20
cont. 10 8 10-21 80
1 : 500 10 1 19 10
‘1 : 400 10 2 15 20
7 July 24 '35 1 : 300 ig 2 ig:%5 gg
1: 200 8 1
1 10 10 10 10-14 100
1 : 500 iO 1 lé }g
s 1 : 400 0 1 1
8 |July25736) ! gpg 10 3 10-12 30
1 10 10 6 9-11 60
1 : 500 10 0
1: 480 10 2 17118 %8
, 1 : 300 10 1 1 :
9 |Sep.26736| 7 ! 5y 10 1 11 1o
1 : 100 10 1 11
1 : 10 18 10 10-18 56
1: 700 10 1 20 10
1: 400 10 3 2(%—22 gg
’ 1: 300 10 2 2
10 |Oct.9 ’36| 1! 5p9 10 4 20-22 10
1: 100 10 2 14 20
1:10 15 9 14-22 60
1: 500 10 1 17 16
1: 400 10 5 15-17 50
11 Oct. 16 ’36 1: 388 }8 5 1?’;17 SO
1:2 9 0
1:10 10 10 13-18 100
1: 700 10 2 20-25 20
1: 600 10 4 20-24 40
12 Nov. 4 ’36 1: 500 10 é 20 (150
1: 400 10 21-25 0)
cont. 5 5 20-25 100
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TABLE Ia (Continued)

No. of No. of No. of | Incubation | Percentage
experi- in?at?agif n %?lg‘fgzr? £ plants plants period . of
ment cuiatlo inoculated | infected (in days) infection
| i : 688 10 1 2021 é()
y : 5 10 2 18- 0
18 |Nov. 1236 1: 400 10 2 18-22 20
l' cont. 5 3 18-20 60
;
1:1,000 10 0
1: 800 10 0
14 Feb. 26 ’87 1: 700 10 0
“1: 500 10 1 21 10
1:10 10 7 10-11 70
1:1,000 10 0
1: 900 10 1 12 10
15 July 20’87 1: 800 10 0
1: 500 10 0
cont. 10 9 10-14 90
TaBLE Ib
Degree of dilution |1:10,000/ 1:5,000 1:1,000| 1:900 | 1:800 | 1:700 |1:500| 1:400
Totalnumberof | 0* | 0 | 0 | 1 | 0 | 8 | 7 | 2
plants tested 10 1 40 10 20 30 | 90 70
Percentage of ‘
infection % 0 0 0 10 0 10 7.8 30
. Undiluted
Degree of dilution 1:300 | 1:250 | 1:200 | 1:150 | 1:100 | 1:50 | 1:10 | meosaic
juice
Total number of 19 4 35 5 | 13 | 14 | b2 61"
plants tested 70 20 80 10 50 20 73 T
Percentage of
infection % 27 20 44 50 26 70 71 79

* The numerator indicates the number of infected plants, and the
denominator the number of inoculated plants.

As shown in the summarized table, the dilution of the virus of
broad bean mosaic at the rate of one part of mosaic juice to five
hundred parts of water materially decreases the infectivity and in
some cases the infective power was lest at the dilution near 1:500,
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according to the concentration of the virus in the extracted mosaic
juice. The virus lost its infective power at dilutions greater than
1:1,000. ‘ 4

B. Resistance to heat

The expressed juice of mosaic-diseased broad bean plants was
placed in pieces of glass tubing about 5.8 mm. in diameter and
80 mm. long; approximately 3 c.c. of juice being contained in each
tube, and plugged with rubber-stoppers at both ends. The tubes con-
taining the virus extract were immersed in hot water in the constant
temperature tank, the temperatures of which were regulated within
0.2°C. around the desired temperature. After 10 minutes the tubes
were removed and plunged into cold water immediately. The con-
tents of the tubes were used as inoculum. The experimental results
are summarized in the following table.

TABLE II. Effect of temperatures upon
the virus of broad bean mosaie

TABLE IIa
No. of Date of Tempera- No. of No. of | Incubation | Percentage
experi- | ;. lation ture in . blants plants period of
ment degrees °C. | inoculated | infected (in days) | infection
'(7;(0) 10 0
. ’ 10 0
1 Oct. 12 ’35 50 10 0
cont.* 7 2 11-14 29%
60 10 1 18 10
50 10 5 10-17 50
2 Nov. 11 35 40 10 8 12-17 80
30 10 5 16-18 50
cout. 3 1 15 33
63 10 0 o0
, 60 10 1 10
3 Dec. 30 ’35 57 10 0
cont. 10 10 8-12 100
57 10 2 12-16 20
55 10 1]
4 Feb.2 ’36 53 10 1 17 10
50 10 3 12-15 30
cont., 10 8 10-156 80

* Unheated mosaic juice.
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TaABLE Ila. (Continued)

No. of Date of Tempera- No. of No. of ' | Incubation | Percentage
experi- inceulation ture in plants _plants period . of
ment ocu degrees °C. | inoculated | infected (in days) | infection
63 10 1 14 10
60 10 0
5 Mar. 7 ’36 57 10 2 1115 20
55 10 6 10-14 60
cont. 10 7 10-14 70
63 10 0
60 10 0
6 Mar. 10 ’36 57 10 1 15 10
50 10 6 10-16 60
cont, 10 8 11-16 80
63 10 0
60 10 0
7 Dec. 5 ’36 57 10 1 17 10
56 10 1 18 10
cont. 10 10 11-13 100
57 10 0
8 Apr. 20 '37 55 10 0 '
cont. 10 10 14-16 100
63 10 0
60 10 0
9 May 11 ’37 67 10 0
55 10 2 17 20
cont. 10 7 12-15 70
63 10 0
60 10 1 9 10
10 June 10 87 57 10 0
55 10 0
cont. 10 8 8-9 80
63 10 0
60 10 0
11 June 18’37 67 10 0
55 10 1 12 10
cont. 10 10 10-12 100
63 10 0
60 10 0
12 June 24’37 67 10 2 10 20
55 10 0
cont. 10 ] 10-12 80
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TaBLE Ila (Continued)
No. of Date of Tempera- No. of No. of Incubation | Percentage
experi- | ;. -~ oulation ture in . plants plants period . of
ment degrees °C. | inoculated | infected (in days) | infection
63 10 0
60 10 1 11 10
13 July 24 ’37 58 10 1 13 10
56 10 0
cont. 10 9 10-14 90
62 10 0
60 10 0
14 Aug. 6 37 58 10 0
56 10 0
cont. 10 8 10-15 80
TaBLE IIb
. : Unheated
Temperature in . :
degrees °C, 7016362 60 | 58| 57 (66| b5 |50 | 40 | 30 n}ﬁ?g;c
Total numberof : 0¥1 110} 4 1 8 10 10 114186 106
plants tested | 70 | 90 | 10 | 120 |20 | 700 |20 | 80 {40 |10 {10 | ~130
Percentage of
infection % 0(L1{ 0| 33 5 8 0125 |35(80 |50 82

* Tne numerator indicates the number of infected plants, and the
denominator the number of inoculated plants.

As shown in the summarized table, the virus under consideration
was weakened "at temperatures higher than 50°C. and nearly or
entirely lost its virulence at 63°C. in ten minutes. Sometimes the
virus was inactivated even at 50°C.

C. Longevity in vitro

Young stems and leaves of mosaic broad bean plants were ground
and the extracted juice was kept for varying lengths of time in tightly
plugged sterile test tubes with or without the addition of an anti-
septic at room temperature or in an incubator. After the desired
period of time, the juice which had been kept in this manner was
shaken in order to mix up the supernatant fluid with the precipitate
and was then used as inoculum. The results are shown in the follow-
ing table.



TABLE III. The resistance to aging in vitro of the broad bean mosaic virus

TABLE IIla
No. of . No. of No. of |Incubation | Percentage
experi- inlgatfagf Agiiodf virus plants plants period of Remarks
ment culation ays inoculated | infected (in days) infection
Nov. 10 ’36 25 10 0 . sas
, without the addition of preserva-
1 ggg’ : 22 ,gg fg 18 % 2133 4 ég% tive and kept gt room tempera-
Oct. 16 ’36 cont.s 10 10 19-25 100 ture (at 23—1°C.)
i t the addition of preserva-
Nov. 19 36 15 10 4 26-27 40 withou
2 s tive and kept at room tempera-
Nov. 4 ’36 cont, 5 5 20-25 100 ture (at 23-—19C.)
Dec. 8’36 21 10 1 18 10 without the addition of preserva-
3 Nov. 27 ’36 15 10 2 18-20 20 tive and kept at room tempera-
Nov. 12 36 cont. 10 4 16-17 40 ture (at 22-—1°C.)
Jan. 21 ’87 23 10 0
Jan. 18 '87 20 10 0 without the addition of preserva-
4 Jan. 13 ’37 15 10 1 13 10 tive and kept in the incubator
Jan, 8 ’87 10 10 1 14 10 (at 28°C.)
Dec. 29 36 cont. 10 10 18-16 100
Feb. 1 ’37 11 10 1 16 10 without the addition of preserva-
5 Jan. 26 ’37 5 10 0 tive and kept in the incubator
Jan. 21 87 cont. 5 2 15-19 40 (at 25°C))
Mar. 9 37 11 10 1 15 10 . aes
, without the addition of preserva-
6 ﬁar - ? ,gg g %8 ‘{ 9 SO ‘118 tive and kept in the gxcubator
ar. ‘ (at 28°C.)
Feb. 26 ’87 cont. 10 i 11-13 70
Apr. 10 ’87 15 10 0 .
Apr. 5787 10 10 1 17 10 without the addition of preserva-
7 Apr. 2737 7 10 3 9-24 - 30 tive and kept in the incubator
Mar. 81 ’87 5 10 3 11-26 30 (at 28°C.)
Mar. 26 37 cont. 10 8 10-14 80

SNYIA THL d0 STILYAI0Ad TVOINHTHI-0DISXHI
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TABLE IIla (Continued)

No. of . . No. of No. of |Incubation { Percentage
experi- inlo)(';:fagifon Agicilodfavg'us plants - plants period of Remarks
ment y inoculated | infected (in days) | infection
May 8’37 25 10 0 without the addition of preserva-
8 May 3’37 20 10 0 tive and kept in the incubator
Apr. 13 ’87 cont. 10 8 13-17 80 (at 28°C.)
May 31 37 20 10 0 without the addition of preserva-
9 May 26 '37 15 10 0 tive and kept in the incubator
May 21 ’387 10 10 0 (at 28°C-, May 11-15, at 26°C-,
May 11 ’37 cont. 10 i 12-15 70 May 16-31)
May 30 ’37 10 10 1 17 10 without the addition of preserva-
10 May 27 ’37 7 10 0 tive and kept in the incubator
May 20 ’37 cont. 10 10 14-16 100 (at 26°C.)
gﬁgg lg :g; %g ig 8 added an equal weight of dis-
11 June 4 '37 10 10 0 tilled water, without the addi-
May 30 37 5 10 1 15 10 tion of preservative and kept
May 25 37 cont. 10 10 12-15 100 in the incubator (at 26°C.)
June 12 ’37 14 10 0 without the addition of preserva-
12 June 8’37 10 10 0 tive and kept in the incubator
May 29 ’37 cont. 10 9 15-17 X (at 26°C.)
July 5’37 25 10 0
13 June 26 ’37 16 10 0 added a drop of toluol and kept
June 20 ’37 10 10 0 in the incubator (at 26°C.)
June 10 ’37 cont. 10 8 8-9 80
July 5’87 17 10 0
14 June 29 ’37 11 10 0 added a drop of toluol and kept
June 26 '37 8 10 0 in the incubator (at 26°C.)
June 18 ’37 cont. 10 10 10-12 100

4
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TABLE IIla (Continued)

No. of . No. of No. of Incubation | Percentage
experi- inlggltfagifon Agii %fav;rus plants plants period of Remarks
ment ¥y inoculated | infected (in days) infection
July 23 37 8 10 0 without the addition of preserva-
15 July 20 ’387 5 10 1 15 10 tive and kept in the incubator
July 15 ’37 cont. 10 5 11-14 50 (at 26°C.)
Degree of
In dilution
days
, 1:10 10 0
July 28 37 | 8 eontb 10 9 11-14 90
1 . .ps
i . ’288 ig 8 without the addition of preserva-
16 July 23 ’87 3 1: 500 10 0 tive and kept in the incubator
1:10 10 0 (at 26°C.)
cont. 10 9 12-14 90
1:1,000 10 0
1:900 10 1 12 10
July 20 ’37 | cont.= i 288 ig 8
1:10 10 9 11-14 90
cont. 10 9 10-14 90
8c€' ig :g; lg %8 g 12-14 30 without the addition of preserva-
17 Ogt. 9 37 3 10 5 13-16 50 tive and kgpt at room tempera-
Oct. 6 '37 cont. 10 6 14-18 60 ture (25-7°C.)
a. Fresh mosaic juice. b. Undiluted mosaic juice.

SNYIA HHL J0 SHILIFEJO0Ud TVIINIHD-0DISAHJ
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TaBLE IIIb

Age of virus Fresh mosaic
in days 25 21 20 15 12 10 6 3 Suice Remarks
Tatal number of 0* 1 1 8 3 0 3 5 25 without the addi-
plants tested 10 10 10 20 10 10 10 10 35 tion of preserva-
Percentage of tive and kept at
infection % 0 10 10 30 30 0 30 50 71 room temperature
Age of virus Fresh mosaic
in days 25 23 20 15 14 11 10 8 7 5 juice Remarks
Totalnumberof | 0 | 0 | ¢ + 1 + 0 | 2 ¢ 3 | 0 | 8 | 9 76 without the addi-
plants tested 10 | 10 | 40 | 40 | 10 | 20 | 60 | 10 | 20 | B0 9% tion of preserva-
tive and kept in
Percentage of the incubator (at
infection % 0 0 0 25 0 10 5 0 15 18 80 25-28°C.)
Age of virus 8 3 Fresh mosaic juice Remarks
in days J g
Degree of . un- . . . . un- . . . , . un-
dilution 1:10 diluted 131,000 1:800 | 1:500 | 1:10 diluted 1:1,000 | 1:900 | 1:800 | 1:500 | 1:10 diluted| without the addi-
tion of preserva-
Total numberof | 0 | 9 0 o000 9 o 1106|109 9 | tive and kept in
plants tested 10| 10 10 10 | 10 [ 10| T0 10 10 10 { 10 | 1I0{ 10 tlégc incubator (at
Percentage of : 26°C.)
infection % 0 90 0 0 0 0 90 0 10 0 90 90
Age of virus Fresh mosaic
in days 25 17 16 11 10 8 juice Remarks
Total number of 9 0 9 9 9 9 18 added a drop of
plants tested 10 10 10 10 10 10 20 toluol and kept in
Percentage of the incubator (at-
infection % 0 0 0 0 0 0 9 26°C.)

* The numerator indicates the number of infected plants, and the denominator the number of ihoculated plants.

4
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The virus lost its power of infection after about 21-25 days’
aging in vitro without any antiseptics at room temperature, while in
the incubator at 25-28°C. its virulence was lost after about 15-20
days’ aging. The virus survived no longer as a result of adding a
drop of toluol in the test tube containing the mosaic juice but was
inactivated after 8 days’ aging. The virus lost its infective power
soon when the extract had been diluted.

D. Longevity in dried plant tissues

From 10 to 20 grams of young leaves and stems of mosaic-
diseased broad bean plants were cut off, placed in a paper bag and
preserved at room temperature for various lengths of time. The
material was weighed at the beginning and the end of the period.
The dried tissues were weighed and ground in a sterilized mortar,
adding the same amount of distilled water as had been lost. Then
the juice was filtered off and used as inoculum.

TABLE IV. The resistance to drying in the plant tissues
of the virus of broad bean mosaic -

TABLE IVa
No. of : No. of No. of Incubation | Percentage
experi- inlggéfagifon 3u§?t}gn plants plants period of
ment YIME | inoculated | infected (in days) infection
L | Sep.9 36 15 10 0 |
Sep. 4 ’36 10 10 0 |
July 19 ’37 25 10 0
July 14 37 20 10 3 15-19 30%
2 | July 937 15 10 8 14-16 80
June 24’37 cont.* 10 8 10-12 80
Sep. 20 ’37 30 10 0
3 Sep. 16 37 25 10 0
Sep. 5 37 15 10 0
Oct. 31 37 25 10 0
Oct. 26 ’37 20 10 0]
4 | oct.21 737 15 10 4 16-18 40
Oct. 6 737 cont. 10 6 14-18 60

* Fresh mosaie juice.
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TABLE IVa. (Continued)
No. of . No. of No. of Incubation | Percentage
experi- | - Dat&&i Du; atilgn of plants plants period of
ment | ROCU n r?’ g inoculated | infected (in days) infection:
Dec. 10 ’37 25 10 4 17-20 40
5 Dec. 6 ’37 21 10 6 15-20 60
Nov. 30 ’37 " 15 10 4 14-19 40
Dee. 22 ’37 25 10 3 16-24 30
6 Dec. 17 737 20 10 5 17-24 50
Dec. 13 737 16 10 4 14-23 40
7 Feb. 21 ’38 30 10 1 12 10
Feb. 16 ’38 25 10 5 10-16 50
Feb. 28 38 28 10 0
8 Feb. 25 ’38 25 10 0
Feb, 22 38 22 10 3 11-18 30
Mar, 23’38 30 10 0
9 Mar. 21 38 28 10 3 10-17 30
Mar. 18’38 25 10 8 10-22 80
TABLE IVb
irll\g?:ﬁltgt?ofn June to Octobera November to March
Duration of Fresh mosaic
drying 30|25 |20 |15 juice 30 | 28125 (22121 (2016 |15
T mimber 10b | 0 | 3 | 12 4 ] 1)8/2038|6|5|4)4
fosted. 10 |30 | 20 | 30 20 2020|5010 |10 T0 |10 | T0
Percentage of | |
infection % 0| 011540 70 5115|4030 |60 |50 |40 40

a: Except Experiment 1.
b: The numerator indicates the number of infected plants, and the
denominator the number of inoculated plants.

In Experiment 1 the preserved materials were so rotted owing
to the moist atmosphere that the infectivity was lost even after 10
days. In the experiments carried out in winter, the materials were
not so completely dried, the room temperature ‘being low, so that the
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materials were still yellowish green after 25 days and remained in-
fectious, whereas in summer the plant tissues dried rapidly assuming
a dark color, and lost their infectivity in 20 to 25 days.

E. Effects of -ethylalcohol

Two methods were used for preparing the inoculum. In experi-
ments 1 and 2, 10 c.c. of the extracted juice was put into a sterilized
graduated cylinder and 40 c.c. of distilled water and 50 c.c. of absolute
ethylalechol (Merck Brand) were added. In this way 50 per cent
alcohol solution was obtained. Likewise to each 10 c.c. of the extract
in the graduated cylinder, were added 50 and 60 c.c. of distilled water
and 40 and 30 c.c. of absolute ethylalcohol, respectively, to secure 40
and 30 per cent alcohol solution. In experiments 3 and 4, to each
20 c.c. of the mosaic juice were added 20, 16, and 12 c.c. of absolute
ethylaleohol and then 4 and 8 c.c. of distilled water into the second
and third, respectively, to obtain 50, 40 and 30 per cent alcohol solu-
tion. Each graduated cylinder was well shaken and allowed to stand
for half an hour. In the first part of these experiments, where alcohol
was added to the virus solution, a light flocculent precipitate oc-
curred which was separated from the supernatant fluid by being
allowed to stand. The precipitate was placed in a sterilized Petri
dish and used as inoculum. In experiments 3 and 4, the solutions
were not separated into two parts, so they were used as inoculum.
The results of the experiments are shown in the following table.

(Table V.) '
’ From the results shown in the table it is considered that the
virus of the broad bean mosaic is sensitive to alcohol and that it is
destroyed in alcohol of a strength of 50 per cent in half an hour
in most cases, although it occasionally tolerates a strength of 30 to
40 per cent.

F. Effects of formaldehyde

Seven c.c. of the mosaic juice was put into a sterilized graduated
cylinder by means of pipette, to which 3 c.c. of 10 per cent form-
aldehyde (Merck Brand) was added. Thus 38 per cent formaldehyde
sclution was obtained. Likewise by mixing 7ec.c. of the extract,
1 c.c. of distilled water and 2 c.c. of 10 per cent formaldehyde in a
graduated cylinder, 2 per cent formaldehyde solution was prepared.



18 DAIKI MURAYAMA

TABLE V. The effect of ethylalcohol upon the virus in the
extract from mosaic broad bean plants

TABLE Va
. No. of Incuba-
No. of Percen- { Duration No. of : Pereen-
experi- inlgglg‘lea(t):ifon tage of | of treat- Prlligfﬁ plants tel:,’ig 4 | tageof
ment alcohol ment 11 ated infected (iﬁ days) infection
50% 30 min. 10 0
, 40 do. 10 1 18 10%
1 | Mar.26°37 g do. 10 6 9-18 60
cont.* do. 10 8 8-19 80
50 30 min. 10 0
, 40 do. 10 1 20 10
2 | Apr. 20737 | g, do. 10 3 14-20 30
cont. do. 10 10 14-17 100
50 30 min. 10 1 18 10
, 40 do. 10 2 18 20
3 | May20737 | g do. 10 4 16-18 40
cont, do. 10 10 16-17 100
50 30 min. 10 0
, 40 do. 10 0
4 | Julyls 37 [ g do. 10 2 10-12 20
cont, do. 10 5 7-11 50
* Untreated mosaic juice.
TABLE Vb
Percentage of Untreated mosaic
aleohol 50 0 30 juice
Total number of 1% 4 15 33
plants tested 40 40 40 40
Percentage of '
infection % 2.5 10 375 82.5

* The numerator indicates the number of infected plants,
and the denominator the number of inoculated plants.

By similar method 1 per cent formaldehyde solution also was secured.
The standard inoculum was prepared by mixing 7 c.c. of the extract
and 3 c.c. of the distilled water. Each graduated cylinder was then
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shaken well and allowed to stand for half an hour. To avoid the
deleterious effects of formaldehyde upon the plant 15 c.c. of distilled
water was added to each inoculum before inoculation,

TABLE VI. The effect of formaldehyde upon the virus
of broad bean mosaic

TABLE Via
No. of Date of lt):;ge;lé Duration ;lflg..ng No. of Int(;,grbia— Percen-
e;;l;’fg" inoculation | form- ofI::lrea‘,:t- inocu- irlx)%znttsd period i;%fftﬁﬁl
‘ aldehyde en lated cte (in days)
3% 30 min. 10 0
2 . do. 10 0
1 May 29 ’37 1 do 10 0
cont.* do. 10 9 16-18 90%
3 30 min. 10 0
2 do. 10 0
2 June 4 87 1 do 10 0
cont. do. 10 9 12-14 90
3 30 min. 10 0
, 2 do. 10 0
3 June 16 ’37 1 do. 10 0
cont. do. 10 10 10-14 100
* Untreated standard inoculum.
TABLE VIb
Percentage of Untreated mosaic
formaldehyde 3% 2% 1% juice
Total number of O 0 o 28
plants tested 30 30 30 30
Percentage of
infection % 0 0 0 93

* The numerator indicates the number of infected plants,
and the denominator the number of inoculated plants.

As shown in the above tables, the virus of broad bean mosaic
was promptly destroyed within half an hour by treatment with-1
per cent formaldehyde solution.
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TABLE VII. Effects of hydrogen-ion concentrations upon the
virus of broad bean mosaic

TABLE VIIa
No.of| 1, . pH of the fluid | No. of Nlo. of | Incuba- {Percen-
ey ate of |———————| plants | plants | tion |tage of
e;rn%e;'é inoculation | Original| Final |inocu- { in- | period | infec- Remarks
pH pH lated | fected |(in days)| tion
4.8 4.8 10 6 11-15 60% | with quin-
1 | Sep. 2437 5.8 5.8 10 6 11-14 60 hydrone
(eont.) electrode
2.6 2.8 10 0 th anti
with anti-
2 Sep. 25’37 3.7 3.7 10 3 12-17 30 mony
6.3 6.3 10 6 10-16 60 electrode
(cont.)
6.3 6.3 10 6 13-18 60
(cont.)
8.3 7.9 10 7 12-19 70 ith anti
with anti-
3 Oct. 6 37 8.9 8.5 10 4 13-16 40 mony
9.0 8.6 10 4 14-19 40 electrode
9.3 8.9 10 1 14 10
9.5 9.0 10 0
B 30 | 30 | 10 0
3.8 3.8 10 4 18 22 40
4.0 4.0 10 7 12-20 70 v;i'lltlé quin-
, ydrone
4 Oct. 13’37 44 ‘4.2 10 8 13-21 80 electrode
4.9 4.8 10 10 12-18 100
6.4 6.3 10 10 12 18 100
(cont.)
5.9 5.9 10 10 13-18 100
(eont.) M . .
8.1 7.4 10 10 13-18 100 Vgﬂé quin-
, ydrone
5 Oct. 14’38 9.4 9.0 10 7 15-21 70 electrode
10.1 9.6 10 5 14-20 50
10.3 10.1 10 0
5.8 5.8 10 10 17-21 100
(cont.)
8.3 7.9 10 7 16-20 70 b au
with quin-
6 Oct. 15 737 9.1 8.7 10 8 15-20 80 hydrone
2.8 2.8 10 0 electrode
2.0 2.0 10 0
1.9 1.9 10 0
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TABLE VIIb

pH of the fluid | No. of plants |Remarks| pH of the fluid | No. of plants |Remarks

Origi- | Final | Inocu-| In- | Deter- || Origi- | Final | Inocu- | In- Deter-

nal pH| pH lated |fected jmined by|| nal pH{ pH lated | fected imined by
1.9 1.9 10 0 quin.s 6.3 6.3 10 6 ant.
2.0 2.0 10 0 quin. 6.3 6.3 10 6 ant.
2.6 2.8 10 0 ant.b 64 -| 6.3 10 10 quin.
2.8 2.8 10 0 quin. 8.1 74 10 10 quin.
3.0 3.0 10 0 guin. 8.3 7.9 10 7 ant.
3.7 3.7 10 3 ant. 8.3 7.9 10 7 quin.
3.8 3.8 10 4 quin. 8.9 8.5 10 4 ant.
4.0 4.0 10 7 quin. | 9.0 8.6 10 4 ant.
4.4 4.2 10 8 quin. 9.1 8.7 10 8 quin.
4.8 4.8 10 6 quin. ‘ 9.3 8.9 10 1 ant.
4.9 4.8 10 10 quin. 9.4 9.0 10 7 quin.
5.8 5.8 10 10 quin. 9.5 9.0 10 0 ant.
5.8 5.8 10 6 quin, 10.1 9.6 10 5 quin.
5.9 5.9 10 10 quin. 10.3 10.1 10 0 quin.

a: Quinhydrone electrode. b: Antimony electrode.

G. Effects of the hydrogen-ion concentration

The H-ion concentrations of the juice of mosaic diseased broad
bean plants were determined by the quinhydrone and antimony
electrode method. As the virus could not pass through any grade
of filters, the experiments were performed-by using unfiltered mosaic
juices. The pH value of the mosaic juice fell within the limits of
5.8 to 6.4. By adding 2 to 18 c.c. of 1/10 normal HCI and 2 to 10 c.c.
of 1/10 normal NaOH solution to 10 or 15 c.c. of -the virus solution
(diluted with an equal amount of distilled water), the H-ion con-
centrations were changed from pH 4.9 to 1.9 on the acid side and from
pH 8.1 to 10.3 in alkalinity, respectively. Before and after the inocu-
lation the H-ion concentrations of the virus suspensions were de-
termined.

As shown in the table (Table VIL.) the infective power of the
virus of broad bean mosaic was most virulent at pH 4-8 and greatly
reduced when the alkalinity or acidity of the virus suspension was
increased up to pH 9 and pH 8, respectively. The virus was inacti-
vated at pH 3.0 (quinhydrone electrode) and pH 9.5 (antimony
electrode).
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H. Filtrability

Filtration was performed by using a coarse Shofu L, and L filter
at a negative pressure. The filtrate was light pink in color and used
for inoculation. The results of the experiments are shown in the
following table. - ' ' '

TABLE VIII. The filtrability of the virus of broad bean mosaic
TABLE VIlla

No. of Date of No. of No. of |Incubation| Percen-
experi- | inocula- Filter plants plants _period tage of
ment tion inoculated | infected | (in days) | infection
, Shofu L 10 0
a |Jan. 27786 | S 0 4t 5 4 16-21 80%
1
saa | Shofu L 10 0 ‘
b | Jan. 27 36 | SR Le 8 5 16-20 100
Shofu L, 10 0
2 | Mar.11°36| ShofuLs 10 1 16 10
cont. 5 3 15-21 60
, Shofu L, 10 0
3 Mar. 16 ’36 cont. 5 3 16-21 60
) Shofu Lg 10 0
4 Dec. 26 ’36 cont. 5 4 16-21 80
, Shofu L; 10 0
5  |Dec.28 '36| SBom- 5 4 14-21 80
, Shofu L 10 0
6 Jan. 27 37| N 5 2 19-20 40
a7 | ShofuL 10 0 '
7 Feb. 5 37| ™ 5 5 11-20 100

* Unfiltered mosaic juice.

TaBLE VIIIb

. ~ Unfiltered
Filter Shofu L, Shofu Ly mosaic juice
Total number of plants 1* _2 30
tested - 50 40 40
Percentage of infection % 2 0 75

*¥ The numerator indicates the. number of infected plants, and the
denominator the number of inoculated plants.
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As shown above the virus of broad bean mosaic failed to pass
through the filters, Shofu L, and L. at a negative pressure. The one
case of infection produced by the L, filtrate may very prcbably have
been caused by an accidental infection.

VI. Discussion and conclusion

Since JOHNSON (1927, 29) (16,10 attempted to classify the viruses
affecting tobacco and potato plants on the basis of plants affected,
symptoms exhibited and their physico-chemical properties, a con-
siderable number of investigations have been performed on that line.

PIERCE (1934, 35, 37) 26.27.28) gnd ZAUMEYER &c. (1935, 36,
37) 35, 36,37, 38) hagve shown that a considerable number of viruses
affect legumes, the separation of which was based upon sympto-
matology as well as their physico-chemical properties. According
to them there are more than ten viruses which affect the broad bean
plant in the United States of America.

The present investigations were undertaken in order to secure
further information on the nature and identity of the virus of the
broad bean mosaic in Japan. As shown in the tables, the results of
each experiment did not necessarily coincide in all cases. This may
be attributable to the different concentrations of the virus in the
original extract secured from diseased plants and used for prepara-
tion of inoculum.

A comparison of the properties of the virus under consideration
with those of other legume viruses are given in the following table.
(Table 1X.)

The Japanese broad bean mosaic virus gave no infections at
dilutions higher than 1 to 1,000, while STUBBS (1936, 37) %33 re-
ported that pea virus 24, 2B and 2C were rendered non-infectious at
dilutions greater than 1 to 1,500. Pea virus 3 which is considered
to be identical with OSBORN’s pea virus 2 has been reported by
Pierce (1935) 29, MURPHY and PIERCE (1937)©@ and OSBORN
(1937) 2% to be inactivated at temperatures of 62-64, 60 and 64°C.
for ten minutes, respectively. The virus under consideration in the
present paper lost its infective power at a temperature around 63°C.
for ten minutes. As to the aging in vitro, the virus of broad bean
mosaic remained infectious for relatively a longer period than the
pea viruses as reported by PIERCE (1935) ¢7, STUBBS (1936, 37) (32.33),



TABLE IX. The properties of viruses of legume mosaics

Properties of virus

L, and L,

Source of ' Longevity | Strength gggc(f?%gi‘,: t(;jigﬁc:il:} %11;. Cog'lcent;a- b Authority
virus Tolerance | Resistance| Longevity | in dried " | of alcohol | - oig0y o 0" drochloric | B8R 2., | gy oy iee | Heion con-
to dilution | to heat in vitro plant destroying | 4 estroying acid des- destroying centration
tissue the virus the virus troz;ggsthe the virus
1
Not filtra- ‘
44‘5600. bl thr h i

Bean mo- ) probably _ g e throug Fajardo
saic virus 1:1,000 cl%se o 20-24 hrs. | 48-72 hrs. 25% ﬁ?y ngll'?(de? (1930)

46°C, feld filter

Bean virus 1:2,000 | 56-58°C. | 24-82hrs, 50% 1:500 1:200

Bean virus | 1,000 | 56-58°C. | 24-32 hrs. 50% 1:1,000 1:200 " Pierce

Still infec- (193¢)

Alfalfa tious at R .
virus 2 on 1:2,000 62-64°C. 7-9 days 6% 1:100 1:200 |
bean dilution ;

blNot: ﬁltrai;

Red clover Still infec- R e throug .
mosaic tious at 70°C tiS(:::llsl :}fg‘;’ 409 Chamber- ’ Saito
virus on 1:20,000 . 34 davs | 0 land ¥, | (1935)
broad bean dilution ¥y Shofu L,, |

1

¥e
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TABLE IX. (Continued)

Properties of virus

Source of Concentra-
Longevity | Strength ggﬁcg?g?r'_ tion of hy- Cotlilgsnoga- . Authority
virus Tolerance | Resistance | Longevity | in dried | of alcohol maldehvde drochloric nitric acid | Filtrabilit H-ion con-
to dilution to heat in vitro plant destroying ¥ acid des- A ¥ | centration
tissue the virus destroying troying the destroying
the virus ying the virus
virus
Common )
bean mosaic 1:1,000 56-68°C. | 28-32 hrs. 50% 1:500 1:200
virus
. Pea mosaic 1:1,000 56-58°C. | 24-28 hrs. 75% 1:1,000 1:100
virus 2
White
sweetclover 1:1,000 56-568°C. | 28-32 hrs. 75% 1:500 1:100
mosaie virus
White clo-
ver mosaic _—
ducing sys- 1:2.000 58-60°C. | 32-48 hrs. 5% 1:500 1:100 Zaumeyer
temic  le- dilution and Wade
ls)ions on (1935)
eans
White clo-
ver mosaic Still infec- Still  in-
virus pro- tious at N 5 ) :
ducing local | 1:2,000 62-66°C. | 28-32 hrs. 76% 1:200 fectil'tig(s) at
lesions on dilution ’
beans
o 1:100
Still infec- . .
Alfalfa tious at foctious” | 1:200 htroditn-
virus 1:2,000 62-65°C. | 3-4days at 75% : A o
dilution 0 e il
solution)
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TABLE IX.

(Continued)

Properties of virus

|
|

Source of Concentra-
. Longevity | Strength gggcfpgg: tion of hy- C%?ggn(g a . Authority
virus Tolerance | Resistance | Longevity | in dried | of alcohol maldehvde drochloric nitric acid | Filtrabilit H-ion con- .
to dilution | to heat in vitro plant dehstroying destroysi’ng acid des- destroying Y| centration
tissue the virus : troying the :
the virus : the virus
virus

White clover
virus 1 on-

Peas 56-58°C. 5-7 days

Broad bean 56-58°C.

Yellow

sweetclover 56-68°C. §-7 days

Beans 58-60°C. 5-7 days
Pea virus 1 on-

Peas 56-58°C. 2-8 days .
Pea virus 3 on- ‘ I:{Sggf

Peas 62-64°C. 2-3 days
Broad bean 62-64°C. 2-3 days
Bean virus 2 on- ’

Beans 58-60°C. 1-2 days

Peas 1-2 days
Soybean
virus 1 on-

Soybean 56-568°C. 2-3 days
Broadbean
local-lesion
virus on-

Broadbean 60-62°C. 2-8 days

94
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TaBLE IX.

(Continued)

Properties of virus

Source of i Concentra-
Longevity | Strength ggﬁcg?zﬁi: tion of hy- Coggin‘fix; a- . Authority
virus Tolerance | Resistance | Longevity | in dried | of alcohol drochloric | s/ - : : 10 H-ion con-
. maldehyde p nitrie acid | Filtrabilit p
to dilution to heat i vitro plant destroying destro lyng acid des- destroying Y| centration
tissue the virus the vi};'us troying the | virus
virus
Pea virus 1 1:3,000 4 days
iea virus
. Stubbs
ppea virus 1:1,500 24 hrs. (1936, 37)
Pea virus :
C
P K Still infee-
ea strea tious at o¢
virus 1:5,000 65°C. 25 hrs.
dilution Zaumeyer
Alfalfa : Still infec- (1937)
mosaic vi- 1:3,000 70°C. tious after
ruses 5 days
Pea virus 2 64°C. 5 days (zfg??.f)n
Murphy and
. 3 days -
Pea virus 3 60°C. Pierce
(at 22°C.) (1937)
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TaABLE IX.

(Continued)

Properties of virus

Source of ] Longevity | Strength ggﬁcgggi'_ (gﬁ)r;czx%ti;: Coé‘gﬁnt?' } Authority
virus Tolerance | Resistance | Longevity | in dried | of alcohol maldehvde drochloric nitrie ;.)ci d | Filtrabilit H-ion con- *
to dilution to heat in vitro plant destroying destro }i’n acid des- destroyin Y| centration
tissue the virus | % vi’; usg troying the "G visxfusg ’
virus
|
Severe mo- 15-338 Still infec- i
saic  virus 1:1,000,000 | 60-70°C. davs tious after
of pea y 338 days Johnson
Enation _Lost_its | Lost its{ Lost its| Lost its and Jones
mosaic  Vi- infectivity | infectivity | infectivity | infectivity (1937)
rus of pea rapidly in | rapidly in | rapidly in | rapidly in '
p the extract| the extract| the extract| the extract!
|
! j
Vein-mosaic ‘
virus of 60°C. 3 days | oo
red clover !
(2%—25 days| 20-25days ‘
at room | in sum- .
Broad bean tempera- | mer, still bg%if;gra}; ir{Jf%Stti :;‘s '
mosaic vi- 1:1,000 63°C. ture) 15-20 | infectious 50% 19 g CUVILY ' This paper
n Shofu I, | at pH 3.0
rus days (in the after 25 and L and pH 9.5
incubator | days in | : pH 9.5,
at 25-28°C.)! winter !

i

8%
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OSBORN (1937) 9, and MURPHY and PIERCE (1937) @9, whereas the
red clover mosaic virus was reported by SA1To (1935) G® to retain
its infectivity still longer. In the incubator at 25-28°C. the virus
under consideration lost its infectivity after 15 to 20 days’ aging,
while at room temperature it was rendered non-virulent after 21 to
25 days’ aging. The antiseptic did not prolong the aging in wvitro
of the virus. The virus of broad bean mosaic retained its virulence
in dried plant tissues for more than 20 days. The virus in question
was relatively sensitive to alcohol being destroyed by 50 per cent
alcohol solution in thirty minutes. It was also sensitive to form-
aldehyde having been inactivated by 1 per cent formaldehyde solu-
tion in half an hour. The infective power of the virus was greatly
reduced when the acidity or alkalinity of the juice was increased.
No infection was obtained by the filtrate of the juice from mosaic
broad bean plants through Shofu L, and L filters. )

In these respects above mentioned the virus under consideration
appears closely to resemble, if not to be identical with OSBORN’s pea
virus 2 which is identical with pea virus 8 described by PIERCE
although longevity in vitro of our virus is considerably longer than
that of the American virus.

VII. Summary

1. The virus of broad bean mosaic lost its infectivity at dilu-
tions greater than 1-1,000.

2. The virulence of the virus was greatly diminished or quite
lost after ten minutes at 63°C.

3. The mosaic juice from broad bean plants lost its infectious-
ness after about 21 to 25 days’ aging in vitro at room temperature,
or in the incubator at 25 to 28°C. in 15 to 20 days. The addition of
antiseptics prolonged in no way the longevity of the virus. The virus
was rapidly inactivated in the diluted plant extract.

4. The virus lost its virulence after 20 to 25 days’ drying in
plant tissues in summer, while in winter the virus resisted 25 days’
drying.

5. The virus was destroyed by 50 per cent alcohol solution in
half an hour.

6. The virus. was completely destroyed by 1 per cent form-
aldehyde solution in thirty minutes.
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7. The virus was inactivated when the acidity of the juice was

increased to pH 8.0, and when its alkalinity was increased to about
pH 9.5, a precipitation took place in the virus suspension and the
infective power was lost.

8. The virus of broad bean mosaic failed to pass through the

coarse porcelain filters, Shofu L, and Shofu L..

9. The virus under consideration appears closely to resemble

OSBORN’s pea virus 2 or pea virus 3 of PIERCE as far as the thermal
inactivation point is concerned but the longevity in vitro of our virus
is considerably longer than that of the American virus.
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Explanation of Plate I

1: Clearing of the veins.
2, 8, 4, 5, and 6: Mottling of the leaves.
T7: Streak on the stem of infected plant (right).

8: Healthy (right) and infected plants.
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