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TWO NEW VIRUS DISEASES OF BEANS '
pathologist, and L. L. HARTER, senior pathologist, Division
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, Agricultural
Research Administration, United States Department of Agriculture

BY W. J. ZAUMEYER,

INTRODUCTION

Severely mottled pods of bean (Phaseolus vulgaris L.) of unknown
varieties were sent to the writers in 1940 and 1941 from Louisiana and
California for diagnosis of the mottling, which was suspected of being
caused by a virus. Preliminary inoculations of the Ideal Market,
Black-Seeded Green Pod, and Full Measure varieties with the expressed juice from the mottled pods from Louisiana produced local
lesions in about 3 days on Ideal Market but not on the other two
varieties. About 10 days later fairly intense systemic-mottle symptoms appeared on the trifoliate leaves of Full Measure and a milder
mottling on Black-Seeded Green Pod. Mottling was never observed
on Ideal Market. These tests supported the writer's early behef
that a virus not previously described was involved.
Extracted juice from mottled plants of Stringless Green Refugee
grown from seed produced the previous year in a screened house at the
Bureau of Plant Industry Station, Beltsville, Md., and thought to be
infected with bean virus 1, was used to inoculate the same varieties
that were inoculated with the previously mentioned virus isolated from
the mottled pods, in order to make a preliminary comparison of the
two viruses. Three to 4 days after inoculation local lesions appeared
on Ideal Market but not on Full Measure and Black-Seeded Green
Pod, showing that bean virus 1 was not involved. In some respects
the local lesions were not identical with those produced by the virus
isolated from the mottled pods. Later mottle symptoms developed
on the trifoliate leaves of the last two varieties but not on those of
Ideal Market.
This paper deals with the identification of these two viruses and
gives descriptions of the diseases produced by them. For the convenience of the reader the names to be applied to the viruses are given
here rather than at the close of the paper. The virus isolated from
the mottled pods is called bean mosaic virus 4 (southern bean mosaic
virus 1) and the virus isolated from the mottled leaves collected in the
greenhouse at Beltsville, Md., bean mosaic virus 4A (southern bean
mosaic virus 2). It is proposed that according to Holmes' system of
classification {9),^ bean mosaic virus 4 be known as Marmor laesiojaciens sp. nov. and bean mosaic virus 4A as Marmor laesiofaciens var.
minor var. nov.
DISTRIBUTION
Little is known regarding the distribution of these two viruses under
field conditions. Many mottled pods have been collected by market
1 Received for publication November 20, 1942.
2 Italic numbers in parentheses refer to Literature Cited, p. 319.
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inspectors from beans originating in Louisiana, and it is likely that
both viruses may be rather common in the South. Bean mosaic virus
4A has been isolated from beans grown in Maryland and California,
but reports indicate that it was not widespread in those States in
1941. It was also isolated from plants of Stringless Green Kefugee
grown from seed produced in southern Idaho in 1940. What may be
the same virus was brought to the attention of the writers by a seedsman who stated that a large planting of the Golden Gate Wax variety,
which is reported to be resistant to bean virus 1, was seriously affected
by mosaic in Mississippi in 1941. It is unlikely that the disease in
question could have been yellow bean mosaic (bean virus 2), since this
virus is not seed-borne in beans and must arise from secondary aphid
transmission from mosaic-infected sweetclover growing in proximity
to beans. Sweetclover is not commonly grown in the South, and
hence it is believed that this virus was not the cause of the disease.
Eight collections of bean mosaic were made in Colorado in 1941 and
inoculated to the Ideal Market variety, but in no case was bean
mosaic virus 4 or 4A isolated. However, seed grown there in 1941
and planted in the greenhouse at Beltsville, Md., produced mottled
plants that were proved to be infected with bean mosaic virus 4A,
thus indicating that this virus occurs in Colorado.
METHODS

All of the investigations were conducted under greenhouse conditions at Beltsville, Md., at temperatures ranging from approximately
18° to 27° C. Each virus was studied in a separate unit of the greenhouse, in order to prevent mixture of the viruses. All the plants
were inoculated in the early stage of growth. As a rule the inoculations were made on primary leaves 10 to 14 days after planting,
but frequently even younger leaves were used. The leaves were
dusted lightly with carborundum powder No. 38713, rubbed gently
with expressed juice containing the virus, and then, after the mechanical inoculation, washed oft' with a fine spray of water.
The methods used for studying the properties of the viruses were
similar to those employed in previous studies (24) ^^)«
EXPERIMENTAL RESULTS
FACTORS AFFECTING INFECTION

The present studies showed that infection was more readily obtained with bean mosaic viruses 4 and 4A than with bean virus 1.
Even with the use of carborundum powder as an abrasive, 100 percent infection of susceptible varieties was very difficult to obtain
with bean virus 1 (28), Other investigators (4, 12^ 14) have reported
similar results. Although carborundum powder was usually employed in the inoculations, almost as much infection was produced
without it. Similarly, leaves sprayed with water after inoculation
manifested no more local lesions than unwashed leaves. In practically all inoculations, 100 percent of the plants became infected
either locally or systemically.
Infection was readily obtained by painting the simple leaves of
Ideal Market with a camePs-hair brush dipped in undiluted expressed
juice from plants affected by the two viruses. Within a few days
about as many local lesions appeared on those leaves as on the check
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leaves rubbed in the usual manner. These results indicated the
highly infectious nature of the viruses, although the extreme susceptibility of the variety may also have been responsible. With a
few exceptions, varieties susceptible to the local-lesion type of infection appeared not to differ in the degree of susceptibility. (See table
1.) Further proof of the infectious nature of bean mosaic virus
4A was demonstrated by brushing the upper sides of 20 leaves of
Ideal Market with a camePs-bair brush and then spraying them with
a 1 to 50 dilution of the virus. An equal number of unbrushed
leaves also were sprayed with the virus of the same dilution. Six
days later, 26 local lesions were observed on the brushed leaves
and 2 on the unbrushed leaves. Dropping the expressed virus
juice on uninjured leaves produced no infection.
Although the age of the inoculated plants did not have as much
influence on infection with bean mosaic viruses 4 and 4A as it did on
bean virus 1, simple leaves about three-quarters grown were usually
chosen for inoculation. In general, old leaves were not as susceptible
to infection as young ones.
In order to determine more accurately the relative susceptibility of
leaves of different ages, bean mosaic virus 4 was used to inoculate
a number of Ideal Market plants 9, 10, 12, 15, 19, 22, and 26 days
after planting. On the ninth day the simple leaves were approximately 3 cm. wide, and after 26 days they were approximately mature.
The lesions on leaves inoculated 9 and 1Ó days after planting were well
developed but not numerous. After the twelfth- and fifteenthday inoculations they were very numerous and rather large. Lesions
from inoculations after both the nineteenth and twenty-secoud days
were less numerous and smaller. No lesions were produced by
inoculations 26 days after planting.
In another experiment one simple leaf about three-quarters grown
on each of 20 plants of Ideal Market was inoculated 14 days after
planting with a 1 to 50 dilution of bean mosaic virus 4. Six days
later the opposite simple leaf was inoculated. At the same time 20»
leaves were inoculated on other equal-aged plants on which neither
of the primary leaves had previously been inoculated. The total
number of local lesions on the first inoculated leaves was 1,348, while
the total number of lesions on the opposite leaves, which were inoculated 6 days later, was 536. The number of lesions on the third set
of inoculated plants was 484. Besides being fewer in number, the
lesions were smaller and slower to appear than those on the first
inoculated leaves.
It was also demonstrated experimentally that fewer lesions were
produced on old simple leaves than on young trifoliate leaves of the
same plant inoculated at the same time. The lesions produced on
old simple leaves were usually smaller than those on immature simple
leaves.
Whether local or systemic symptoms were produced by bean mosaic
virus 4 and bean mosaic virus 4A depended on the variety inoculated.
On such varieties as Alabama No. 1, Blue Lake, Pink, and Ideal
Market, only local lesions were produced. (See table 1.) On Bountiful, Commodore, Full Measure, and Brittle Wax, only the systemic
mottle symptoms were produced. (See table 1.) In no case did
the same plant of any variety thus far tested show both local and
systemic infection. In a few instances mottle symptoms appeared

308

Journal of Agricultural Research

voi. e?, No. s

on certain plants that had exhibited local lesions on the inoculated
leaves, but later such mottling was found to be caused by bean virus 1.
Since bean virus 1 is seed-borne, it is not likely that the symptoms
would be noticed in all cases on the primary leaves; in some cases
they would be noted only on the trifoliate leaves.
Occasionally only a few lesions were produced on an inoculated
leaf, but in no such instance did the trifoliate leaves show mottle
symptoms. Similarly, in a few instances varieties normally showing
local lesions manifested none at all upon inoculation, but in no case
did they thereafter exhibit mottle symptoms; that is, they simply
escaped infection.
When it was repeatedly noted that a plant that exhibited local
lesions never manifested systemic infection, a mixture of two viruses
was suspected in case of both bean mosaic virus 4 and bean mosaic
virus 4A—one producing only local lesions and the other only systemic
infection; it was also surmised that possibly the local lesions immunized the plant against systemic infection. However, varieties
susceptible to the local4esion type of infection when inoculated with
expressed juice from mottled leaves of plants inoculated with either
bean virus 4 or bean virus 4A produced local lesions only, indicating
that only a single virus was involved. It is quite conceivable from a
genetic standpoint that a plant is resistant or susceptible either to the
local or to the systemic infection. In most cases (see table 1) the
varieties were homozygous for either locaUesion or systemic infection.
A few varieties, as, for example, Davis Stringless Wax, French Horticultural, Low Champion, and Idaho Refugee, were heterozygous.
(See table 1.)
SYMPTOMS
BEAN MOSAIC VIRUS

4

The local lesions produced by bean mosaic virus 4 on a variety such
as Ideal Market frequently appear about 3 days after inoculation
and even earlier under ideal conditions. Usually they are almost
circular in shape, brownish red in color, and frequently have light
centers. They range from 1 to 3 mm. in diameter. The size of the
lesions depends in part on the variety and the age of the plant when
inoculated and in part on the number of lesions per unit area. On
certain varieties such as Pink the lesions may attain a diameter of
3 to 4 mm. (fig. 1, A). On most varieties the lesions do not have
a clearly defined edge but are somewhat diffuse or spreading (fig. 1,
A and B). When the virus is very concentrated, the lesions may be so
numerous that they coalesce, often causing the leaf to die and drop
off. When the lesions are located near the veins and veinlets, the
tissue may become necrotic for a distance of 1.5 to 3 cm. from the point
of infection (fig. 1, A and B).
The systemic or mottled symptoms produced by bean mosaic
virus 4 are noted only on those plants that do not exhibit local lesions.
The first evidence of infection is a mild mottle of the trifoliate leaves
(fig. 2, C and E) similar to that produced by bean virus 1. Later,
especially on those varieties that are somewhat tolerant to bean virus
1, such as Full Measure, Burpee Stringless Green Pod, Brittle Wax,
and Hardy Wax, the mottling becomes quite intense. Vein banding
is common, the interveinal tissue being lighter green than the tissue
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adjacent to the veins. The leaves may also be puckered and blistered,
typical of the symptoms produced by bean virus 1 (fig. 2, B) as they
occur on Stringlcss Green Refugee and other highly susceptible varieties. Bean mosaic virus 4 produces very mild symptoms that can

1.—liOcal lesions produced by bean mosaic viruses 4 and 4A on several
varieties: A and B, Bean mosaic virus 4 on Pink and Pinto (Colorado strain),
respectively; C and I), bean mosaic virus 4A on Ideal Market and Low Champion, respectively. É, Leaf of Full Measure inoculated with bean mosaic
virus 4, on which neither virus causes local lesions. F, Uninoculatod loaf of
Ideal Market.

FIGURE
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2.—Variations in systemic symptoms produced by several viruses infectious to bean: Stringless Green Refugee leaves infected with bean virus 2 (A),
bean virus 1 (D), and bean mosaic virus 4 (O; Stringless Green Refugee pod
infected with bean virus 1 (D) ; U. S. No. 5 Refugee leaf infected with bean
mosaic virus 4 (/?); Black Valentine pod infected with bean mosaic virus 4 (F).

FIGURE
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be readily overlooked on Stringless Green Eefugee (fig. 2, O) as well
as on the mosaic-resistant Eefugee varieties (fig. 2, E). (See table 1.)
On some varieties, as, for example. Low Champion and Ked Valentine,
vein necrosis, which may cause the leaves to drop off, occurs on the
young trifoliate leaves. Reduction in leaf size and malformation
occur on very susceptible varieties. In general, it is often difficult
to differentiate bean virus 1 from bean mosaic virus 4 by the systemic
symptoms alone.
The symptoms on the pods produced by bean mosaic virus 4 are
more marked than those caused by any other virus thus far reported
as infectious to beans. They appear as dark-green, irregularly shaped,
water-soaked-like, blotched areas (fig. 2, F) on the green-podded
types and as greenish-yellow areas on the wax-podded types. These
areas suggest a condition often caused by low temperatures. Infected pods of susceptible varieties are slightly malformed, subnormal
in length, and frequently curled at the end, owing to improper ovule
development. Under greenhouse conditions, the symptoms are not
as marked as they are under ideal field conditions.
BEAN MOSAIC VIRUS

4A

As with bean mosaic virus 4, two types of symptoms are produced
by bean mosaic virus 4A. The local lesions are very similar to those
just described for bean mosaic virus 4 except that they are less diffuse
and spreading and the edges are more distinct (fig. 1, C and D). In
other respects they cannot be differentiated from those produced by
bean mosaic virus 4.
In general the systemic symptoms are not as severe in the early
stages as those produced by bean mosaic virus 4, but in the later
stages they are more severe; much stunting, curling, malformation,
and reduction in size of leaves occur (fig. 3, 5, Í7, jf, and H). It is
difficult to differentiate these two viruses by symptomatology alone
except on certain varieties. They can, however, be differentiated
from the symptoms produced by bean virus 1 (fig. 2 B) on some
varieties where the symptoms of this virus are very weU known.
Varietal differences alter the expression of the symptoms.
SUSCEPTIBILITY TESTS
REACTION OF BEAN VARIETIES

Eighty varieties or strains of beans {Phaseolus vulgaris) were
inoculated with bean mosaic viruses 4 and 4A. Since the results
with both were quite similar only those with bean mosaic virus 4 are
given in table 1. Twenty-four varieties were homozygous for susceptibility to local-lesion infection of bean mosaic virus 4, 48 were
homozygous for susceptibility to systemic infection, and 8 were
heterozygous. None of the varieties that were 100 percent susceptible to local lesions showed systemic infection. Among the varieties
homozygous for systemic infection, 13 exhibited severe symptoms,
8 were moderately infected, and 27 were mildly affected.
Thirty varieties were susceptible to the local lesions of bean
mosaic virus 4A, and 6 of these were heterozygous. Five of these,
namely, French Horticultural, White Kentucky Wonder (white-needed,
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H
3.—Variations in systemic-mottle symptoms produced by bean mosaic
viruses 4 and 4A on several varieties: Large White Marrow infected with
bean mosaic virus 4 {A) and with bean mosaic virus 4A {B and C) ; Webber
Wax infected with bean mosaic virus 4 (JD) and with bean mosaic virus 4A
{E and F); Dixie White infected with bean mosaic virus 4 (G) and with bean
mosaic virus 4A (H and /).

FIGURE
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1.—Reaction oj hean varieties to inoculation with hean mosaic virus 4
compared with reaction to bean virus 1
Bean mosaic virus 4

Group and variety or strain

Green-podded garden beans (bush) :
Asgrow Stringless Green Pod
Black-Seeded Green Pod
_
Bountiful
Burpee Stringless Green Pod
CommodoreDixie White
Early Mohawk
French Forcing
Full Measure
Giant Stringless Green Pod
Goddard (Boston Favorite)
Horticultural, Dwarf
Landreth Stringless Green Pod
Longfellow
Low Champion
Plentiful
Eefugee, Corbett
Refugee, Idaho.
__
Refugee, Medal
Refugee, Sensation No. 1066
Refugee, Sensation No. 1071
Refugee, Strin,gless Green
Refugee, U. S. No. 5
South America No. 1
:
Tennessee Green Pod
Valentine, Asgrow Black
Valentine, Black
Valentine, Red
Wax-podded garden beans (bush) :
Brittle Wax (Round Pod Kidney Wax)..
Davis Stringless Wax
Golden Eye Wax
Hardy Wax
Hodson Wax
Improved Golden Wax
Improved Stringless Kidney Wax
Pencil Pod Black Wax
Prolific Black Wax
Sure Crop Wax
Top Notch Golden Wax
Unrivalled Wax
Wardwell Kidney Wax
Webber Wax
Green-podded garden beans (pole) :
Alabama No. 1
_.
Black Climbing
Blue Lake (White Creaseback)
Cranberry...
__
._
Cutshort (Corn Hill)..
Decatur.
Dutch Caseknife
Horticultural, French
_.
Horticultural, London
Horticultural, Mammoth...
Ideal Market
Kentucky Wonder
Kentucky Wonder, White (Burger Stringless).
Kentucky Wonder, White (rust-resistant)
Kentucky Wonder (Morse 191)
Kentucky Wonder No. 780 3.
Kentucky Wonder No. 814 3
Kentucky Wonder, U. S. No. 3
Lazy Wife (White Cranberry)
McCaslan
Missouri Wonder
Oregon Giant
Striped Creaseback (Scotia)...
White Half Runner
See footnotes at end of table.

Plants showingPlants
inoculated

Local
lesions

Number
10
11
10
10
9
10
8
11
12
10
10
12
10
10
19
10
10
11
10
10
10
13
11
10
11
11
10
10

Number
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
0
10
4
0
0
0
0
0
0
11

10
10
10
11
9
11
10
11
8
12
10
10
10
10

0
4
0
0
0
0
0
0
0
0
0
0
0

10
10
12
11
10
10
10
6
10
12
40
12

10
0
12
0
10
10
10
1
0
0
40
12

0
0
0

1

Systemic
infection
Number
10
11
10
10
9
10
8
11
12
10
10
12
10
10
13
10
0
7
10
10
10
13
11
10
0
11
10
10
10
6
10
11
9
11
11
10
8
12
10
10
10
10
0
10
0
11
0
0
0
5
10
12
0
0
0
3
0
0
0
0
11
0
0
0
4

10

Degree of systemic infection

Mild
do....
Moderate
Mild
Severe.-Mild
do....
Moderate
Severe..Mild
do....
Severe..Mild
do.__.
Severe 2__
Moderate
Mild".."."
do. ..
do....
do....
do....
do.__.
-.-.do._.Moderate
do....
Severe 2..
Severe...
Mild
Severe...
do_...
do._._
Mild
Severe
Moderate
Mild
Severe
Mild
--__do_-...
Moderate
Mild
Miid'.'.'.'."^
Miid"."]!'

Degree of
systemic
infection
with bean
virus 1 1

Mild.
Do.
Do.
Do.
Do.
Moderate.
Mild.
Do.
Do.
Moderate.
Mild.
Do.
Moderate.
Mild.
Resistant.
Do.
Do.
Do.
Do.
Severe.
Resistant.
Moderate.
Mild.
Do.
Severe.
Mild.
Do.
Mild.
Severe.
Moderate.
Mild.
Moderate.
Mild.
Moderate.
Mild.
Do.
Do.

Do.
Do.
Resistant.

Mild'""'
Severe
Mild

Mild

Moderate.

Miid"-"
Moderate.

Moderate.
Severe.
Do.
Mild.
Do.
Do.

Do.
Severe.
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1.—Reaction of heart varieties to inoculation with bean mosaic virus 4
compared with reaction to bean virus 1—Continued
Bean mosaic virus 4
Plants showing-

Group and variety or strain

Wax-podded garden beans (pole):
Golden Cluster Wax
Golden Gate Wax
Kentucky Wonder Wax
Kentucky Wonder Wax No. 765 3
Green-podded field beans (bush):
Burnley
.
Marrow, Large White
Pink..
Red Kidney
Green-podded field beans (pole) :
Great Northern U. I. No. 59
Pinto, Colorado strain
Pinto, Idaho strain._. _. __ __ _ .
Red Mexican U. I. No. 34
Robust
Small White (California strain)

Plants
inoculated

.

Local
lesions

Systemic
infection

Number
11
10
10
11

Number
0
0
10
11

Number
11
10
0
0

8
11
11
12

0
0
11
0

8
11
0
12

12
12
10
10
10
10

12
12
10
10
0
0

0
0
0
0
10
10

Degree of systemic infection

Mild
Severe

Severe
Mild
Moderate

Mild--.-

Degree of
systemic
infection
with bean
virus 11

Severe.
Resistant.
Mild.
Moderate.

Mild.
Moderate.
Resistant.
Moderate.
Do.
Resistant.
Do.
-Mild.

1 Data recorded from earlier results of writers as well as published results of other investigators.
2 Trifoliate necrosis.
3 Kentucky Wonder types; numbers carried in the files of the writers.

rust-resistant). Low Champion, Idaho Refugee, and White Half Runner,
were also heterozygous for susceptibility to bean mosaic virus 4.
Davis Stringless Wax, Pencil Pod Black Wax, and Striped Creaseback were resistant to the local lesions of bean mosaic virus 4A but
were heterozygous for bean mosaic virus 4. Small White (California strain), on the other hand, did not express local lesions with
bean mosaic virus 4, but 1 of 10 plants inoculated with bean mosaic
virus 4A produced local lesions.
Fifty varieties were totally susceptible to the systemic infection
with bean mosaic virus 4A; 6 of these were heterozygous; as was
the case with bean mosaic virus 4, those varieties that were not
locally infected were susceptible to systemic infection. Of the
varieties homozygous for susceptibility to systemic infection, 8
were severely infected, 22 moderately, and 20 mildly. In general,
the symptoms produced by bean mosaic virus 4A are somewhat
more severe than those produced by bean mosaic virus 4 (fig. 3).
Certain varieties resistant to bean virus 1, namely, Corbett Refugee,
Great Northern U. I. No. 59, and Red Mexican U. I. No. 34, were
homozygous susceptible to the local lesions produced by both viruses,
while idaho Refugee was heterozygous (table 1). U. S. No. 5 Refugee (fig. 2, E), Sensation Refugee *Nos. 1066 and 1071, Medal Refugee,
and Robust were resistant to bean virus 1 and the local-lesion type
of infection by bean mosaic viruses 4 and 4A but were susceptible
to systemic infection by the last two.
Table 1 shows that in general the varieties tolerant to bean virus 1,
as, for example. Bountiful, Full Measure, Improved Stringless Kidney Wax, and Brittle Wax, were very susceptible to the systemic
infection of bean mosaic virus 4; these varieties were also very sus-
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ceptible to bean mosaic virus 4A. In a few cases varieties very susceptible to bean virus 1, such as Golden Cluster Wax, Mammoth
Horticultural, Lazy Wife, and especially Stringless Green Eefugee,
were less susceptible to the systemic infection of bean mosaic viruses
4 and 4A. Hodson Wax, London Horticultural, and Red Valentine
were very susceptible to the systemic infection by the three viruses.
There seems to be some relation between the pole habit of growth
and susceptibility to local lesions and between the bush habit of
growth and susceptibility^ to systemic infection. Twenty-one pole
varieties were homozygous susceptible to loca] lesions caused by
bean mosaic virus 4 and 9 did not express them, while only 3 bush
varieties were homozygous susceptible to local infection and 39 were
homozygous susceptible to systemic infection. Four pole and four
bush varieties were heterozygous. All the pole Kentucky Wonder
strains were susceptible to local lesions except White Kentucky
Wonder (rust-resistant), which was heterozygous, while Commodore, a Kentucky Wonder bush type, was resistant to local infection.
Of 18 wax-podded varieties tested with bean mosaic virus 4, 2
(pole types) were homozygous susceptible to local infection only,
14 did not express local-lesion symptoms, and 2 were heterozygous.
Of 62 green-podded varieties, 22 were homozygous susceptible to
local lesions, 34 homozygous resistant, and 6 heterozygous.
REACTION OF LIMA BEANS

Ten plants each of 10 varieties of lima beans were inoculated with
bean mosaic viruses 4 and 4A. Five small-seeded varieties, Baby
Fordhook, Baby Potato, Henderson Bush, Illinois Large Podded,
and Wood Prolific, were 100 percent susceptible to only the locallesion type of infection of both viruses. The first three varieties are
not true sie va types (Phaseolus lunatus L.) but are hybrids between
a small sieva and a large-seeded Fordhook (P. lunatus macrocarpus
Benth.). The following large-seeded varieties were immune to both
viruses: Burpee Bush, Burpee Improved Bush, Fordhook Bush,
Fordhook (Asgrow strain), and Philadelphia Bush.
REACTION OF OTHER HOSTS

In order to ascertain the host range of bean mosaic viruses 4 and
4A, a number of plant species were chosen and mechanically inoculated. Ten plants of each of 31 species, representing 20 genera in 5
families, were inoculated. Only Soja max var. Virginia was susceptible to both viruses. The symptoms were noted as a very mild
mottling of the leaves. No infection, either local .or systemic, was
observed on any of the following plants tested:
Leguminosae:
Chenopodiaceae :
Chickpea, Cicer arietinum L.
Beet, Beta vulgaris L. var. Detroit
Crotalaria, Crotalaria spectahilis
Dark Red.
Roth.
Cruciferae:
White lupine, Lupinus albus L.
Turnip, Brassica rapa L. var.
Yellow sweet lupine, L. luteus L.
Purple Top White Globe.
Alfalfa, Medicago sativa L.
Cucurbitaceae:
White sweetclover, Melilotus alba
Cucumber, Cucumis sativus L. var.
Desr.
White Spine.

316

Journal of Agricultural Research

Vol. 67, No. 8

Leguminosae—Continued.
Leguminosae—Continued.
Adzuki bean, Phaseolus angularis
Common vetch, Vicia sativa L.
(Willd.) W. F. Wight.
Hairy vetch. Vicia villosa Roth.
Mung bean, Phaseolus aureus Roxb.
Asparagus-bean, Vigna sesquipedaScarlet runner bean, Phaseolus
lis (L.) Fruwirth.
coccineus L.
Cowpea, V. sinensis (Torner) [Savi
Urd bean, Phaseolus mungo L.
var. Groit.
Pea, Pisum sativum L. var. Wis- Solanaceae :
consin Early Sweet.
Pepper, Capsicum annum L. var.
Soybean, Soja max (L.) Piper var.
World Beater.
Biloxi.
Jimsonweed, Datura stramonium L.
Velvetbean, Stizolohium deeringiTomato, Lycopersicon esculentum
anum Bort.
Mill. var. Marglobe.
Crimson clover, Trifolium incarnaNicotiana glutinosa L.
turn L.
Tobacco, Nicotiana tahacum L. var.
Red clover, Trifolium pratense L.
Turkish.
White clover, Trifolium repens L.
Petunia, Petunia hyhrida Vilm.
Broadbean, Vicia faha L.
var. Rosy Morn.
Vicia cylindrica L.
RELATION OF TEMPERATURE TO SYMPTOM EXPRESSION

In order to ascertain the influence of air temperatures on the
expressioD of local and systemic symptoms, 8 groups of 10 plants
each of Ideal Market and Brittle Wax were inoculated in the usual
manner with bean mosaic viruses 4 and 4A. Ten plants of each
variety were placed in sections of the greenhouses maintained at day
temperatures of approximately 16°, 18°, 24°, and 27° C. In the
greenhouse held at 27°, the night temperatures were slightly lower
than the day temperatures.
Bean mosaic virus 4 produced local lesions on Ideal Market in 3
days at 27°, 4 days at 24°, 5 days at 18°, and 6 days at 16° C. However, the symptoms were not clearly defined at the lowest temperature until the seventh day. Bean mosaic virus 4A produced local
lesions in 3 and 4 days, at 27° and 24°, respectively, in 6 days at 18°,
and in 7 days at 16°. Symptom expression was not clear until the
twelfth day after inoculation. At 27° and 24°, the local lesions produced by iDoth viruses were more numerous but smaller than at the
two lower temperatures.
The initial systemic symptoms caused by bean mosaic virus 4 on
Brittle Wax appeared in 8 days at 27°, 24°, and 18°, and in 13 days
at 16° C. At the end of 20 days fairly distinct mottling was observed
at 27°, good at 24°, very good at 18°, and good to very good at 16°.
The initial systemic symptoms caused by bean mosaic virus 4A
appeared in 7 days at 27° and 18°, in 5 days at 24°, and in 12 days
at 16°. At the end of 20 days, distinct mottling was noted at 27°,
very good at 24° and 18°, and fairly good at 16°.
In general, the systemic symptoms produced by bean mosaic virus
4 are less intense than those produced by bean virus 4A. This difference is one of the characteristics distirguishing them (fig. 3). The
experiments just reported prove that the most severe symptoms are
produced by bean mosaic virus 4 at 18° C. and by bean mosaic virus
4A at 18° and 24°.
SEED TRANSMISSION

Extracts of bean mosaic viruses 4 and 4A from seed in the milk
and dough stages and from newly ripened seed of systemically infected
plants produced excellent infection on Ideal Market. Extracts
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from seed produced on plants systemically infected with bean mosaic
virus 4 and stored for 7 months produced no infection on Ideal M arket,
but extracts from similarly aged seed from plants infected with bean
mosaic virus 4A produced a few local lesions on that variety.
Seed from the two lots that had been aged 7 months was planted in
the greenhouse. Juice extracted from the plants produced by seed
borne on plants systemically infected with bean mosaic virus 4 did not
cause infection of Ideal Market plants, but juice from plants produced
by seed of plants infected with bean mosaic virus 4A caused local
infection of inoculated Ideal Market plants. The leaf symptoms on
such infected plants were very mild, and in some cases infected plants
were almost indistinguishable] from normal ones; this made it difficult
to determine the exact percentage of infected plants. Of 200 plants
about 5 percent were infected.
DISTRIBUTION OF THE VIRUSES IN INFECTED PLANTS

Inoculations with juice expressed from the root, hypocotyl, epicotyl,
leaf, and pod tissues of plants systemically infected with both viruses
produced local lesions on Ideal Market. Calculated on the basis of
lesions produced, the viruses were slightly less concentrated in the
root than in other tissues. Fajardo {6) was unable to isolate bean
virus 1 from the roots of infected plants.
When separate extracts were made from the seed coats, cotyledons,
and embryos of a number of green seed infected with both viruses and
Ideal Market plants were inoculated, local lesions were produced in
every case. The viruses appeared to be the most concentrated in the
seed coat.
PROPERTIES OF THE VIRUSES

Extracts from newly infected bean plants exhibiting systemic
symptoms were used throughout the experiment, and the results were
based on local lesions produced on Ideal Market.
THERMAL INACTIVATION

The thermal inactivation points for bean mosaic viruses 4 and 4A
were found to be about 95° C. after heating for 10 minutes in sealed
thin-walled glass tubes in a water bath (table 2). This temperature
2.—Comparison of thermal inactivation points of hean mosaic viruses 4 and
4A, as determined by production of local lesions on the Ideal Market variety

TABLE

Reaction to—
Bean mosaic virus 4
Temperature (° C.)

Not heated
50
80
85
90
95

Trial 1

Bean mosaic virus 4A

Trial 2

Trial 1

Trial 2

Leaves
inoculated

Total
lesions

Leaves
inoculated

Total
lesions

Leaves
inoculated!

Total
lesions

Leaves
inoculated

Total
lesions

Number
20

Number
6,0008,000
8,000
3,300
348
9
0

Number
20

Number
4,0005,000

Number
20

Number
20

Number
4,0005,000

26
26
26

2
0
1

Number
6, 0008,000
8,000
3,450
343
1
0

18
22
21

106
58
7

20
22
24
22
22

20
24
24
22
22
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is higher than that for any other legume virus thus far described and
approximates that of tobacco mosaic virus 1, which is inactivated at
93°, and that of cucumber viruses 3 and 4, which are inactivated at
80° (i). Bean virus 1, according to previous studies {2, 14, 28), is
inactivated between 56° and 58°. The highest thermal inactivation
point for any of the previously described legume viruses is for alfalfa
mosaic virus 1 and its strains {I4., 24), which lose their infectivity
between 65° and 75°.
TOLERANCE TO DILUTION

Bean mosaic viruses 4 and 4A withstood dilutions of 1 to 500,000
(table 3), much higher than bean virus 1, which has a dilution end
point of 1 to 2,000. Three legume viruses have been reported to be
infectious at high dilutions. These are pea virus 2, described by
Osborn {13), and severe pea mosaic, described by Johnson and
Jones (ii), which have been reported to be infectious up to 1 to
100,000 dilution, and pea streak virus reported by Chamberlain {5)
to be infectious at a 1 to 1,000,000 dilution. In no other respects
do these three viruses show any relationship to bean mosaic viruses
4 and 4A.
TABLE

3.—Comparison of tolerance to dilution of bean mosaic viruses 4 û^WC? 4A,
as determined by production of local lesions on the Ideal Market variety
Reaction to—
Bean mosaic virus 4
Trial 1

Dilution

Bean mosaic virus 4A

Trial 2

Trial 1

Trial 2

Leaves
Leaves
Leaves
Leaves
inocu- Total lesions inocu- Total lesions IQOCU- Total lesions inocu- Total lesions
lated
lated
lated
lated
None
1 to 1,000...
1 to 60,000...
1 to 100,000...
1 to 500,000-

Number
Number
Number
Number
Number
Number
Number
Number
20 4,000-5,000d=
20 4,000-5, OOOdb
20 5,000-6,000±
20 4,000-5,000d=
20
20
ö,000±
5,000±
20
20
6,000d=
5,000±
20
158
20
165
20
22
131
47
20
193
21
95
18
25
22
19
AGING

Infection with bean mosaic viruses 4 and 4A was obtained after the
extracted juice was held in vitro at 18° C. for 32 weeks (table 4).
4.—Comparison of resistance to aging in vitro of bean mosaic viruses 4 0,'^d 4 A
{at 18° C), as determined by production of local lesions on the Ideal Market variety

TABLE

Eeaction to—
Time aged (weeks)

None
112
18
24
32

Bean mosaic virus 4
Plants inoculated

Plants infected

Number
10
10

Number
10
10

10

10

10

1

Local lesions

Abundant
do
Good
Very few

Bean mosaic virus 4A
Plants inoculated

Plants in- Local lesions
fected

Number
10
10
10

Number
10
10
10

10
10

8
10

Abundant.
Do
Do.
Medium.
Do.
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Only a few local lesions were produced by bean mosaic virus 4 after
this length of time, whereas bean mosaic virus 4A produced a fairly
large number of lesions. No other legume virus thus far investigated
has resisted aging in vitro for this length of time. Bean virus 1
(i^, 28) loses its infectivity in vitro after 32 hours. Severe mosaic of
pea, according to Johnson and Jones [11), was infectious for 15 days.
INACTIVATION BY CHEMICALS

Since bean mosaic viruses 4 and 4A reacted very similarly to
thermal inactivation, dilution, and aging in vitro, only the former
was tested with chemicals. The treatments lasted 30 minutes.
The results (table 5) show that bean mosaic virus 4 is more tolerant
to chemicals than bean virus 1. According to earlier studies (6*,
i^, 2S), bean virus 1 was inactivated in 50 percent alcohol in 30
minutes, whereas bean mosaic virus 4 was highly infectious after
being exposed to 95 percent alcohol for the same length of time.
In a single experiment a 1 to 250 solution of nitric acid had little
effect on the virus in 30 minutes, but a dilution of 1 to 100 destroyed
it in one experiment but not in another. Bean virus 1, according
to Pierce ilX), was inactivated by a 1 to 200 dilution of nitric acid
but not by a dilution of 1 to 500.
TABLE

5.—ESed of chemicals on heart mosaic virus 4, «5 dete rmined by production
of local lesions on the Ideal Market variety
Trial 1

Chemical

None
Alcohol
Do
Do
Nitric acid
Do
Do
Do
Formaldehyde
Do
Do
Do
Sodium chloride
Do
Do.
Do

Concentration of
chemical

50 percent
..-- 75 percent
. . 95 percent
1 to 250
1 to 100
1 to 50 .
1 to 25
1 to 1,000
1 to 500
.- 1 to 200
1 to 100
15 percent
10 percent
5 percent
2.5 percent

_.
-

. .

Trial 2

Leaves
inoculated

Total lesions

Leaves
inoculated

Number
20
20
20

Number
4,000-5,000
3,000-4,000
2,000-2, 500

Number
20

Number
4,000-5,000

20
20

2,000-2, 500
2,000-2, 500

20
20
22

4,000-5,000
300-400
2

20

4,000-5,000

20
20

2,000-3,000
50-100

20
20
20

50-100
100-150
1, 500-2,000

20
20
20
20
20
20
20
20
20
20

0
0
0
4,000-5,000
2, 000-2, 500
2,000-2,500
50-100
0
0
50-100

Total lesions

A 1 to 100 dilution of 37 percent formaldehyde did not completely
inactivate bean mosaic virus 4. Bean virus 1, however, was inactivated by a 1 to 500 dilution (14, 28).
A 30-minute exposure of bean mosaic virus 4 to a 15-percent
solution of sodium chloride, which was then used as inoculum, injured
the inoculated leaves so seriously that it was impossible to determine
whether or not the virus was inactivated. In one test the virus was
not inactivated in a lO-percent solution, although the inoculated
leaves were seriously burned. In two tests (table 5) the virus was
not inactivated in a 5-percent solution.
IMMUNOLOGICAL STUDIES

Price {18, 19) showed that the lelationship of certain viruses could
be determined by means of cross-protection tests. Such tests were
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employed to determine the possible relationship between bean mosaic
viruses 4 and 4A and bean virus 1.
Low Champion, a variety fairly susceptible to bean virus 1 and
also to the local-lesion infections of bean mosaic viruses 4 (table 1)
and 4A, was chosen for this study. Unlike the symptoms on many
other susceptible varieties, those produced by bean virus 1 are quite
distinct on the primary leaves when the virus is seed-borne. Since
(table 1) it was noted that certain plants of this variety were resistant
and others susceptible to local-lesion infection and systemic infection
produced by bean mosaic viruses 4 and 4A, the immunological relationship could be determined for the two types of infected plants.
The lot of Low Champion used in this study carried a fairly high
percentage of seed-borne bean virus 1. Twelve plants with mottled
primary leaves infected with bean virus 1 were inoculated with bean
mosaic virus 4, and 8 of these manifested local lesions. Eleven plants
showing the symptoms of bean virus 1 were inoculated with bean
mosaic virus 4A, and 7 manifested local lesions. Twenty-three healthy
plants of the same variety were inoculated with bean mosaic virus 4,
and 8 manifested local lesions. Eighteen healthy plants were inoculated with the bean mosaic virus 4A, and 12 of these exhibited local
lesions.
It was shown earlier (table 1) that those plants of Low Champion
that did not exhibit local lesions when inoculated with bean mosaic
viruses 4 and 4A were always susceptible to the systemic infection.
In order to determine whether the plants infected with bean virus 1
but not exhibiting local lesions when inoculated with bean mosaic
viruses 4 and 4A actually became infected with these viruses or were
immunized, further tests were made. Since the symptoms caused by
bean virus 1 are not very different from the systemic symptoms produced by bean mosaic viruses 4 and 4A, it is impossible to determine
whether viruses other than bean virus 1 are involved, except by
inoculation.
Ideal Market was chosen to determine the presence or absence of
bean mosaic viruses 4 and 4A in the plants mentioned above. An
extract from each plant of Low Champion infected with bean virus 1
and later inoculated with bean mosaic virus 4 but not producing local
lesions on Low Champion produced abundant local lesions on Ideal
Market, indicating the presence of the virus. Extracts from the
trifoliate leaves of plants whose simple leaves manifested local lesions
did not produce local lesions on Ideal Market, proving the absence of
systemic infection. This evidence, together with the fact that local
lesions were produced by bean mosaic virus 4 on leaves infected with
bean virus 1, suggests that bean virus 1 does not protect against bean
mosaic virus 4; hence no apparent relationship exists between them.
Identical results were obtained with bean mosaic virus 4A; hence it
appears that no relationship exists between it and bean virus 1.
SEPARATION OF THE COMMON VIRUSES AFFECTING BEAN

The identification of bean virus 1, bean virus 2, bean mosaic virus 4,
and bean mosaic virus 4A on the basis of symptomatology would be
difficult, if not impossible, on certain varieties under field conditions.
Under controlled conditions and on specific varieties, differentiation
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on this basis could be readily accomplished except with bean mosaic
viruses 4 and 4A, provided each virus was pure.
Bean virus 1 is very similar in physical properties to bean virus 2
and, since it is quite sensitive to certain treatments, it cannot be
separated from the other three viruses on the basis of those properties.
It is seed-borne while bean virus 2 and bean mosaic virus 4 are not,
and thus it can be separated from them by that means; it cannot
thus be separated from bean mosaic virus 4A since the latter is also
seed-borne. It can, however, be separated from bean mosaic viruses
4 and 4A by the inoculation of either of the strains of Pinto, since
these viruses become localized in the inoculated leaves while bean
virus 1 becomes systemic.
Bean virus 2 can be separated from bean virus 1, bean mosaic
virus 4, and bean mosaic virus 4A by the inoculation of Corbett
Refugee and Great Northern U. I. No. 59. Both varieties are
resistant to bean virus 1 and also to systemic infection by bean
mosaic viruses 4 and 4A. They are, however, susceptible to bean
virus 2, which produces mottle symptoms on the trifoliate leaves.
Bean mosaic viruses 4 and 4A are readily separated from the
other two by heating the mixture above 60^ C for 10 minutes.
This temperature inactivates bean viruses 1 and 2. Similarly, diluting the mixture to 1 to 2,000 or above will inactivate bean viruses
1 and 2, but not bean mosaic viruses 4 and 4A.
DISCUSSION
From the data presented in this paper, it is evident that bean
mosaic viruses 4 and 4A are distinctly different from any of the
legume viruses thus far described on bean. Whether they are indigenous to bean or belong to another group of viruses is not known. It
is believed that they probably belong to the legume virus group since,
with the exception of Phaseolus lunatus and Soja max var. Virginia,
they are largely restricted to P. vulgariSj and all bean varieties thus
far tested are susceptible. Furthermore, bean mosaic virus 4A is
seed-borne.
That other viruses produce local lesions on bean has been shown
by Wingard (23) and Pierce (14) with tobacco ring spot virus, by
Price (17) and Silberschmidt and Kramer (20) with tobacco mosaic
virus, by Smith and Bald (21) with tobacco necrosis virus, by Zaumeyer and Wade (27, 28) and Pierce (14) with alfalfa mosaic virus,
by Chamberlain (ö) with pea streak virus (Pisum virus 3), and by
Zaumeyer and Wade (29) with a virus from white clover (Trifolium
pratense L.). None of these diseases shows any relationship to bean
mosaic viruses 4 and 4A.
In table 6 are listed certain physical properties of most of the
viruses that are infectious to bean. Although there is no apparent relationship between bean mosaic virus 4 and tobacco mosaic virus 1, certain
of their properties, such as thermal inactivation and to some extent
dilution, show some agreement. Pea streak virus is the only other
one that shows some similarity to bean mosaic virus 4 in that it is
inactivated at a very high dilution. On the other hand, its thermal
inactivation point is considerably lower and it does not withstand
aging as long in vitro.
553500—43
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It would probably be diflScult definitely to separate or distinguish
any of the above-mentioned viruses that produce local lesions on
beans from bean mosaic viruses 4 and 4A on the basis of local lesions
alone, with the exception of the pea streak virus of Chamberlain (5).
Varietal differences aid in their separation. Likewise, the fact that
bean mosaic viruses 4 and 4A produce local lesions on some varieties
and systemic infection on others would differentiate them from
tobacco mosaic virus 1, tobacco necrosis virus, and alfalfa mosaic
virus and its strains, which produce no systemic infection in beans.
In table 7 are listed a number of bean varieties showing their reaction to four viruses which produce local lesions on beans.
TABLE

6.—Comparison of certain physical properties of bean mosaic virus 4 with
those of other viruses infectious to bean
Inactivation after indicated treatment
Authority

Virus

Zaumeyer and Harter (26) and
(present paper).
/Pierce
(/^)
Bean virus 1
\Zaumeyer and Wade (28)
Pierce (U) .
Bean virus 2
Osborn(/S)Pea virus 2
Pea streak virus (Pisum virus Chamberlain (5)
3).
Zaumeyer (2ñ) .
Pea mosaic virus 4
do
_. ..Pea mosaic virus 5
Johnson and Jones (11)
Severe pea mosaic virus
Johnson (iö)
Pea mottle virus-.
do
Pea wilt virus
.
Alfalfa mosaic viruses 1, lA, Zaumeyer (24)
and IB.
Alsike clover mosaic virus 1. _ Zaumeyer (25)
do
- Alsike clover mosaic virus 2
Pierce (15); Zaumeyer and
White clover mosaic virus 1
Wade (28).
Cucumber mosaic virus strain Whipple and Walker (22)
14.
Allard (3)
Tobacco mosaic virus 1 .
Pierce (U) .
Tobacco ring spot virus

Bean mosaic virus 4

Tnhnpp.n nprrnsis vims

1

Smith and Bald (21)

Temperature (10-minute treatment)

Dilution

Aging in
vitro

Days
222

90-95

1 to 500,000....

56-58
56-58
56-58
62-64
78-80

1 to
Ito
1 to
1 to
Ito

2,000
1,000
1,000
100,000-...
1,000,000..

1-2
1-2
1-2
4-5
41

62-65
60-62
60-70
60-62
58-60
65-75

Ito
Ito
1 to
1 to
1 to
Ito

10,000
10,000
100,000-...
10,000
100,000...4,000

1-2
1
15
31
31
4-5

6(>-62
54-58
58-60

Ito 8,000
Ito 10,000
Ito 3,000.

65

Ito 10,000

93
64-66
72

Ito 1,000,000-.
Ito 2,000
1 to 10,000

1-2
1-2
5-7; 2-3
8

0)

9
8

i Indefinite.

The fact that bean mosaic viruses 4 and 4A produce either local or
systemic infection on different bean varieties may possibly be explained on a genetic basis. A particular variety with a few exceptions (table 1 ) is either homozygous for resistance to the local lesions
or homozygous for susceptibility to systemic infection, or vice versa.
It was originally assumed that the older leaves might carry the
virus in a masked condition in certain varieties that exhibited the
local lesions but no systemic infection. Many inoculations made
from such plants to Ideal Market showed that no virus was present in
the trifoliate leaves. Occasionally, owing to environmental or other
unknown conditions, a series of inoculated plants of varieties known
to be susceptible to the local lesions failed to exhibit them.^ It was
thought that possibly when local lesions were produced they inhibited
the spread of the viruses from those infection points, thus preventing
systemic infection. Expressed juice from the trifoliate leaves of
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inoculated plants known to be susceptible to the local lesions but not
exhibiting the symptoms, failed to produce local lesions upon inoculation to Ideal Market, proving that the virus was absent. Subjecting
local-lesion-susceptible plants to high temperatures has never indicated the presence of the virus in any leaves above the inoculated ones.
Since bean mosaic virus 4A is seed-borne, it is assumed that it is
more widespread than present information indicates. Because the
symptoms on most varieties are not greatly unlike those produced by
bean virus 1 and because the local lesions, if found under field conditions, would be very sparse and difficult to diagnose, it is believed
that both viruses have been overlooked or confused with bean virus 1.
Unless the juice from diseased plants is inoculated to varieties sus7.—Comparative reactions of certain bean varieties to local lesions produced
by bean mosaic virus 4, alfalfa mosaic virus 1, tobacco mosaic virus 1, and tobacco
ring spot virus

TABLE

Reaction toVariety

Blue Lake (White Creaseback)
Bountiful
Brittle Wax (Round Pod Kidney Wax)
Burpee Stringless Green Pod
Cutshort (Corn Hill)
Davis Stringless Wax
Full Measure
Giant Stringless Green Pod
Horticultural, French
Ideal Market
Improved Stringless Kidney Wax
Pencil Pod Black Wax
Red Kidney
Robust
Stringless Green Refugee^
Striped Creaseback (Scotia) _
Sure Crop Wax
Unrivalled Wax
Valentine, Black_
Valentine, Red

Bean
mosaic
virus 4

+

±1
±1

+

+1

Alfalfa
mosaic
virus 1

+
+
+
+
+
+
4+
4-,

+

Tobacco Tobacco
mosaic ring spot
virus
virus 1

+
+

+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

^ Heterozygous for susceptibility to local lesions.

ceptible to local lesions or the properties of the virus in question are
determined, such plants could be superficially classified as being
infected with bean virus 1. It would be quite logical for any investigator in testing mosaic-infected beans to inoculate plants of varieties
very susceptible to common bean mosaic, such as Stringless Green
Refugee, most of which are resistant to the local lesions of bean mosaic
viruses 4 and 4A. Unless a further study was made of these viruses,
both of the new viruses could be readily overlooked. It is likely that
this has been the case, and that actually they have been present in
bean fields for several years.
Because of the susceptibility of most market garden varieties
(table 1) to the systemic infection of bean mosaic viruses 4 and 4A,
it is conceivable that these diseases may be more serious and destructive in the sections where these varieties are commonly grown than
in most of the large territories devoted to growing canning beans.
The Refugee types compose the principal varieties grown for canning
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purposes in some regions and, although nearly all show the systemic
infection, they manifest mild symptoms when infected with bean
mosaic viruses 4 and 4A. It is true, however, that in some canning
sections, a high percentage of the acreage consists of extremely
susceptible varieties such as Brittle Wax, Full Measure, and Asgrow
Stringless Green Pod. It is possible that the actual damage resulting
from these viruses will eventually cause a greater reduction in yield
than the common bean mosaic, because the most generally grown
varieties are the more susceptible to them.
It appears that bean mosaic viruses 4 and 4A are not as exacting
in their temperature requirements for.symptom expression as bean
virus 1. The writers have observed that common bean mosaic is
never as serious when the average temperatures are comparatively
low as when the average temperatures are high. It is known, however, that at extremely high temperatures, such as are common during
the summer months in most of the southern bean-growing States,
bean mosaic symptoms may be masked.
Pierce and Hungerford (16) have shown that at temperatures between 18° and 21° C. a higher percentage of infection with bean virus
1 was observed than at lower temperatures. They likewise showed
that 18 days were required for symptom expression at 21° as compared with 24 days at 8° to 9°. In addition, they noted severe
dwarfing, curling, and mottling of the leaves at 26°, some curling and
mottling at 22°, and only mottling at 18° to 19°. Fajardo (6) found
that the mottle symptoms were partially masked at temperatures from
28° to 32°. Harrison^s (7) results agree in general with those of
Fajardo (6), who stated that the characteristic mottling was almost
completely masked at 15° and at 30°, whereas from 20° to 25°, the
mosaic mottling was distinct.
The studies reported in this paper showed that bean mosaic virus 4
required only 8 days for systemic symptom expression at 18°, 24°,
and 27° C. and 13 days at 16°, whereas bean mosaic virus 4A expressed
its symptoms in 5 days at 24°, in 7 days at 18° and 27°, and in 12
days at 16°. Distinct mottling was observed with both viruses at
16° and 27° after 20 days, at which temperatures the symptoms of
bean virus 1 are partly masked.
Because of the shorter incubation period of bean mosaic viruses 4
and 4A and their less exacting environmental requirements for symptom expression, it is believed that the losses caused by these viruses
throughout the country would probably be greater than those caused
by bean virus 1 on the basis of equal distribution.
This might be particularly true in the Southern States where,
according to numerous records in the Plant Disease Reporter issued
by the United States Department of Agriculture, bean virus 1 is
not as widespread and does not cause as much loss as it does in the
Northern and Western States. The reasons for this may be (1)
temperature relations and (2) the growing of fewer mosaic-susceptible varieties than in the North and West. Beans are generally
not grown extensively in the South during the hot summer months,
but principally during the seasons of the year when the average
temperatures are not excessively high. Since bean mosaic viruses
4 and 4A produce distinct systemic symptoms at 16° and 18° C. and
systemically infect many of the varieties that are commonly grown
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in the South, it is likely that these viruses may cause greater crop
losses than bean virus 1.
It is of interest to note that only the sie va lima beans or beans
closely related to them were susceptible to the local-lesion infections of bean mosaic viruses 4 and 4A. Harter {8) showed that lima
beau mosaic virus (a strain of cucumber virus 1) reacted similarly,
although this virus produced only a systemic mottle. No relationship exists between the lima bean virus and the two new bean viruses.
These new viruses are also dissimilar to the two strains of cucumber
mosaic described by Whipple and Walker {22), both of which systemically infected Henderson Bush Lima and one of them Fordhook
M ammoth Pod.
Although all the 80 bean varieties of strains tested proved to be
susceptible to either the local or systemic infection of both viruses
(table 1), actually those varieties that do not express systemic infection can be considered commercially resistant. Even though local
lesions caused by insect or mechanical dissemination may be found
under field conditions, they would never be sufficiently numerous to
cause defoliation such as is frequently noted under greenhouse conditions when plants are artifically inoculated. It is believed that this
type of lesion would not be a factor in crop reduction.
In spite of the fact that bean mosaic viruses 4 and 4A appear to
be closely related, there are some slight differences. On certain
varieties of beans the local lesions produced by bean mosaic virus 4
are more diffuse and spreading (fig. 1, A, B) than those of bean mosaic
virus 4A (fig. 1, C, D). In general, the systemic mottle produced by
bean mosaic virus 4A on most bean varieties is more intense than
that produced by bean mosaic virus 4. Bean mosaic virus 4A is
carried in the seed as long as 7 months, whereas bean mosaic virus.
4 is not seed-borne.
Some of the varieties resistant to bean virus 1, viz, Great Northern U. I. No. 59 and Corbett Refugee, are also resistant to the systemic infection of bean mosaic viruses 4 (table 1) and 4A. Idaho
Refugee, also resistant to bean virus 1, is heterozygous for local
and systemic infection; thus it is possible to select plants that are
not systemically infected. U. S. No. 5 Refugee, Sensation Refugee
Nos. 1066 and 1071, Medal Refugee, and Robust, all resistant to
bean virus 1, are susceptible to systemic infection of bean mosaic
viruses 4 and 4A. The symptoms produced on these varieties are
mild under greenhouse conditions even though the virus is in a
highly concentrated state.
The breeding of desirable canning, market, and field types for
resistance to the systemic infection would not require a great deal
of work, since there are a number of varieties of good type that are
resistant to the systemic infection of the viruses and could be used
as parental material. Furthermore, those varieties that are heterozygous for susceptibility to local lesions could be purified by propagating only from those plants that are susceptible to local lesions;
these give rise to strains that are commercially resistant.
Since bean mosaic virus 4 is present in freshly ripened seeds but
not in those that have been stored under laboratory conditions for
at least 7 months, it is possible that the disease could be partly controlled
by aging the seed for that length of time before planting. How long
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bean mosaic virus 4A would remain viable in dried seeds is unknown,
but a period of 7 months did not destroy it completely.
SUMMARY
Two new closely related viruses of bean are described, identified,
and compared with several other legume viruses and certain nonlegume viruses that are infectious to bean. The new viruses are
designated as bean mosaic virus 4 and bean mosaic virus 4A. The
exact distribution of these viruses is not known. Bean mosaic virus
4 has been isolated from beans growing in Louisiana, and bean
mosaic virus 4A from California, Colorado, Idaho, and Maryland.
Bean mosaic viruses 4 and 4A produced local lesions on some
bean varieties and systemic infection on others. No plant thus far
tested has exhibited both types of symptoms, but some varieties
produce some plants susceptible to one type and others susceptible
to the other type.
The local lesions produced by both viruses are difficult to differentiate from those produced by several other viruses on beans. The
systemic leaf symptoms closely resemble those caused by common
bean mosaic (bean virus 1) on certain varieties but are different on
others. On Stringless Green Refugee the symptoms of bean mosaic
viruses 4 and 4A are very mild, whereas those caused by bean virus
1 are severe. On pods, bean virus 1 occasionally produces a mild
mottling, while bean mosaic viruses 4 and 4A produce an intense
mottling.
The susceptibility of 80 bean varieties or strains was determined.
No variety was fully resistant to either of the 2 viruses. Twentyfour varieties were homozygous for susceptibility to the local-lesion
infection of bean mosaic virus 4, 8 were heterozygous, and 48 resistant. The 48 resistant varieties were susceptible to systemic infection,
and the 8 heterozygous were resistant. Thirty varieties were susceptible to the local-lesion infection of bean mosaic virus 4A, and 6
of these were heterozygous. Fifty varieties were resistant, all being
susceptible to systemic infection. In general, the pole varieties
were more susceptible to local infection than the bush varieties.
The sieva bean {Phaseolus lunatus) and closely related hybrids
between P. lunatus and P. lunatus macrocarpus were susceptible to
local infection of both viruses, but the Fordhook types were totally
resistant.
The Virginia variety of Soja max was the only other suscept found
among 31 species, representing 20 genera in 5 families.
Local lesions of both viruses were produced at temperatures ranging from le"* to 27° C. They appeared most rapidly at 27°. The
systemic symptoms of bean mosaic virus 4 appeared in 8 days at
temperatures ranging from 18° to 27°, but they were most severe
after 20 days at 18°. The systemic symptoms of bean mosaic virus
4A were expressed most rapidly at 24° and were most severe after
20 days at 24° and 18°.
Both viruses were isolated from seed in the milk and dough stage
and from freshly ripened seeds, but only bean mosaic virus 4A was
isolated from seed stored in the laboratory for 7 months. Approximately 5 percent of such seed produced infected plants.
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The two viruses were isolated from all portions of the systemically
infected green plant. The lowest concentration was found in the
roots.
The thermal inactivation point, resistance to aging in vitro, and
tolerance to dilution were determined for the two viruses, and resistance to chemicals was determined for bean mosaic virus 4. Bean
mosaic viruses 4 and 4A were inactivated between 90° and 95° C.
They were still infectious at 1 to 500,000 dilution, and resisted aging
in vitro at 18° for 32 weeks. Bean mosaic virus 4 was still infectious
after being treated with 95 percent alcohol for 30 minutes. It was
inactivated by a 1 to 100 nitric acid dilution in one experiment, but
not by a 1 to 50 dilution in another. It was not destroyed by a 1 to
100 dilution of 37 percent formaldehyde for 30 minutes. Treatment
for 30 minutes in a 5-percent solution of sodium chloride did not
inactivate the virus. Immunological studies indicated no apparent relationship between the two new viruses and bean virus 1.
Bean mosaic viruses 4 and 4A can be separated from a mixture of
bean viruses 1 and 2 by heating the mixture above 60° C. for 10
minutes or by diluting the extract above 1 to 2,000. The last two
viruses are inactivated at these points.
The bean varieties that are susceptible to local-lesion infection can
be considered commercially resistant. Such varieties are being used
as parental material in breeding for resistance to systemic infection
of other desired bean types.
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