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The Virus Diseases of Beans
by

P a t r i c i a  J. K le s se r  

D ivision  of Plant Pathology

In South Africa several types o f  bean are cultivated extensively— the runner, 
bush and haricot types being the most popular. Lima beans are grown on a small 
scale, but other Phaseolus species are rarely found. Apparently, no natural infections 
occur in the latter group.

The common bean mosaic has already been reported in this country (9); but, 
although various other disorders were known to be of virus origin, the causal organisms 
had not been identified.

O f the viroses described here, only bean mosaic and bean yellow mosaic are well 
known. The others are apparently new viruses or new variants o f  existing viruses.

An earnest attempt has been made to correlate these diseases with those already 
described, but with the information available this has not been possible, in all cases.

The differences in symptom expression may be due to the manifestation of  known 
viruses on other varieties o f  test plants, or to climatic or environmental factors.

Many plant viruses occur in specific localities, and it is also possible that the diseases 
described here, are limited to this part of the continent.

A detailed account of  each virosis is given here, in the hope that this will enable 
other workers to place them in the known plant virus classification

M e t h o d s  a n d  m a ter ia ls

Naturally infected plants were collected from many parts o f  the Union— notably 
Pretoria and district, Potchefstroom. the Northern Transvaal, Bethal and district and 
Stellenbosch.

Some sunnhemp plants were sent from Salisbury, Southern Rhodesia.
The standard test plants used were: Phaseolus vulgaris vars. Canadian Wonder 

and Haricot, Pisum sari\um  var. Greenfeast, Vicia faba vars. Aquedulce and Long 
Pod and Vigna unguiculata var. Dr. Saunder’s Upright.

Many other legume species were also tested and some solanaceous plants.
Carborundum powder was used to facilitate sap inoculation, and Aphis craccivora 

was the insect vector in limited experiments.
Although some of the isolates used here came from species other than bean (e.g. 

sunnhemp and soybean) they are placed with the bean viruses. Some caused symptoms 
on bean, which closely resembled those of the bean isolates: while others resulted in 
symptoms on bean which were unusual, whereas on the original host, they were insigni
ficant or similar to those caused by other viruses.

1. BEAN M OSVIC VIRUS Stewart and Reddick.

Physical properties: Thermal inactivation point 56-58 C.
Longevity in vitro 1-2 days.
Dilution end point 1:1000.
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Transmission: Mechanical sap inoculation.
Aphis craccivora.
Seed—average of  25 ■ 3 per cent for eight varieties.

Host range: Phaseolus acutifolius Gray var. latifolius Frecm., P. lunatus L., 
P. vulgaris L.

Occasionally, plants of the following species would show symptoms. These were 
checked by sub-inoculation to Phaseolus vulgaris.

Pisum sativum L., Trifolium incarnatum L., Vicia faba  L , Vigna unguiculata (L.) 
Walp.

R e a c t io n  o f  su sc e pt ib l e  spec ies

Phaseolus acutifolius.
Local. There are chlorotic spots in seven days.
Systemic. The young leaves develop a veinclearing or chlorotic speckling in 

12 days, and they are curled. Later leaves are malformed and mottled with dark green 
blisters.
P. lunatus.

Local. Large chlorotic blotches develop.
Systemic. In three weeks the older leaves show chlorotic vein flecks and the young 

leaves a chlorotic network.
P. vulgaris var. Canadian Wonder.

Local. Usually there is no local reaction, but occasionally inoculated leaves 
show large chlorotic blotches some time after the young leaves show systemic symptoms, 
i.e. about three weeks after inoculation.

Systemic. Rarely do the first trifoliates show any symptoms. If  so, there are 
small chlorotic spots. The second trifoliates curl down from the margins (inverse 
cupping) and are twisted. They may be slightly puckered and have a diffuse dark 
green mottle. Later formed leaves are lighter green with dark green puckered veinbands. 
The tips of these leaflets are long and narrow, and may be malformed. The plant is 
stunted.
Plants grown from  infected seed.

Primary leaves have large dark green areas and the leaf surface may be rugose. 
There is a slight downward curl o f  the margins. Fig. 1A.

Trifoliate leaves have varying degrees of inverse cupping and twisting, with broad 
dark green bands along the midrib o f  older leaves, and dark green mottling of  the 
younger. Fig. 1B. Later formed leaves may show a clearing of  the veins or small 
chlorotic spots. They may also be malformed and elongated. The plants are generally 
stunted.

The pods of some varieties show no symptoms, but most are mottled with slight 
depressions on the surface. The variety Rooikrans, if infected early, has pods with 
sunken red-brown necrotic areas. The virus is readily transmitted from these lesions, 

var. Haricot.
Local. No reaction.
Systemic. The older leaves are inversely cupped, rolled down or twisted. They 

have raised dark green areas. Later formed leaves have a dark green mottle or vein- 
banding and may also be curled down, with narrow tips.
Plants grown from  infected seed.

The primary leaves have large irregular chlorotic areas, and the surface is uneven. 
The margins may be curled down. Fig. 2.

The trifoliate leaves have a dark green veinbanding or mottle with raised areas. 
The young leaves are slightly smaller than normal and may be tly puckered, a n d /o r  
malformed. These have small chlorotic areas. The plant is stunted. Fig. 2.
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The following varieties were also tested and found to be susceptible: Black Wonder, 
Idaho Refugee (Fig. ID), Kentucky W onder (Fig. IE), Long Tom (Fig 1C), Refugee,
S.A. Black and White, Tendergreen and Victor.

A survey was made o f some experimental plots and the incidence of  natural infection 
can be seen in Table 1.
Pi sum sativum.

Local. No reaction.
Systemic. Some plants developed chlorotic veinbands and a mottle similar to 

those on the bean, On sub-inoculating to bean, typical symptoms were induced. 
Trifolium incarnatum.

Local. No reaction.
Systemic. Some leaves show a diffuse veinbanding and they are rolled.

Vicia faba.
Local. No reaction.
Systemic. Some plants develop chlorotic blotches.

Vigna unguiculata.
Local. No reaction.
Systemic. There may be a chlorotic network followed by a diffuse chlorotic mottle 

on some varieties.

Natural source o f  virus: Phaseolus vulgaris vars. Canadian Wonder, Kentucky 
Wonder, Long Tom, Rooikrans and Haricot from Pretoria and district, Nylstroom, 
Bethal, Rustenburg and Potehefstroom.

ID E N TIFIC A TIO N .

From the characteristic symptoms on beans and the amount of  seed transmission 
there can be little doubt that this is the common bean mosaic virus. (34, 42).

T able 1.— Incidence o f  Bean Mosaic Virus in Field Plots 

Roodeplaat— March 1956

(a) Bush Beans.
Per cent Per cent

Name Natural Name Natural
Infection Infection

Top C ro p ......................... 2 0 Breustedts Pallas............. 75-0
Seminole............................ 4-2 Long T o m ......................... 78-3
Refugee.............................. 5 0 W achsbone........................ 91 -0
Idaho Refugee................ 9-5 Brytbona............................. 98 0
Stamslabonen Voorluk 12-5 St. Andreas....................... 98 0
Tendergreen..................... 16-3 Saxa..................................... 9 9 0
Black W onder................. 20-2 Burpees Stringless........... 100 0
Victory............................... 38-0 G randex.............................. 1 0 0 0
Streamliner....................... 42-4 Heinrichs Riesen............. 1 0 0 0
Black Wax P o d ............. 50 0 Kaiser W ilhelm................ 100-0
Wach's Express.............. 5 7 0 Double W hite................... 100-0
Canadian W o n d e r ......... 5 7 0 Double Princess............... 100-0
N ordstern .......................... 6 9 0 Double Holland Princess 100-0
Wach’s Breustedts......... 70 0
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(b) Runner Beans.
As the runners were tangled on the trellises it was impossible to count the individual 

plants, so the percentage is only approximate.

Per cent Per cent
Name Natural Name Natural

Infection Infection

Canfreezer........................ 0 0 Gellman R unner ........... . 100 0
Green Savage.................. 5 0 Wach’s G oldbone ......... . 100 0
Everbearing...................... 5 0 Mittelfriihe...................... . 100 0
Kentucky W onder......... 20 0 Phenomenon................... . 100 0
Abundance....................... 30 0 Meisterstiick.................... . 100 0
Kapitan W eddingen... . 80 0 Lazy Housewife............. : mo o

2 — BEAN M OSA IC VIRUS STRAIN

A second seed-borne virus was found on Phaseolus vulgaris var. Canadian Wonder 
which is used extensively in the insect proof glasshouses. In several batches of seed, 
about 12 per cent of the seedlings showed symptoms on the primary leaves immediately 
on unfolding. Conspicuous symptoms later developed on the trifoliate leaves. Fig. 3A.

The effect simulates a heritable abnormality, but positive sub-inoculations to 
many plant species disprove this possibility.

Physical properties: Thermal inactivation point 60-62 C.
Longevity in vitro 2-3 days.
Dilution end point 1:1000-1:5000.

Transmission: Mechanical sap inoculation.
Seed-borne approx. 12 per cent.
Not by Aphis craeeivora.

Host range: Arachis hypogaea L., Crotalaria juncea L., C. spectabilis Roth., 
Dolichos lablab L., Glycine max (L.) Merr , Lathyrus odoratus L., Lupinus albus L., 
vars. sweet and bitter, L. luteus L.. L. mutabilis Sweet., Medicago lupulina L., M. sativa 
L., Melilotus officinalis Willd., Phaseolus acutifolius Gray var. latifolius Freem., P. 
lunatus L.. P. mungo L., P. vulgaris L., Pisum sativum L.. Trifolium hybridum L., T. 
incarnatum L., T. pratense L., T. repens L., Vicia faba  L., Vigna sesquipedalis (L.) Wight., 
V. unguiculata (L.) Walp., Voandzeia subterranea Thouars.

R e a c t io n  of su sc eptible  species

Arachis hypogaea.
Local. No reaction.
Systemic. After 14 days there are chlorotic spots on the young leaves. Later 

ones are chlorotic with dark green islands.
Crotalaria juncea.

Local. No reaction.
Systemic. There are chlorotic spots in 10 days and later leaves are mottled and 

slightly puckered.
C. spectabilis.

Local. No reaction.
Systemic. The young leaves develop a veinclearing. and chlorotic spotting, and 

flecking. Later leaves are mottled with dark green veinbands. and they are crinkled. 
Dolichos lablab.

A symptomless carrier.
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Glycine max.
Local. Chlorotic stars develop in five days.
Systemic. The trifoliates have isolated yellow areas which may cause a malforma

tion.
Lathyrus odoratus.

Local. No reaction.
Systemic. A chlorotic spot mottling develops on most leaves.

Lupinus albus var. sweet.
Local. Necrotic specks develop.
Systemic. The young leaves remain folded and have a chlorotic network. Later 

leaves develop a mosaic and have wavy margins.
L. albus var. bitter.

Local. N o reaction.
Systemic. Most leaves are chlorotic with dark green blisters. They are small 

and curled. The plant is rosetted.
L. luteus.

Local. No reaction.
Systemic. The leaves are mottled, elongated and malformed.

L. mutabilis.
Local. No reaction.
Systemic. The leaves are chlorotic with dark green blisters and necrotic specks. 

They are small and stringlike and the plant is rosetted.
Medicago lupulina.

Local. No reaction.
Systemic. After an initial spotting, later leaves develop a chlorotic streak mottle. 

M . sati^a.
Local. No reaction.
Systemic. There may be diffuse chlorotic spots.

Melilotus officinalis.
Local. No reaction.
Systemic. There are chlorotic streaks leaving dark green veinbands. The leaves 

are slightly puckered.
Phaseolus acutifolius.

Local. Chlorotic spots develop which later become necrotic.
Systemic. There is a chlorotic mottle with dark green blisters which result in an 

uneven leaf surface.
P. lunatus.

Local. There are chlorotic spots in five days.
Systemic. Most leaves develop chlorotic vein flecks with occasional chlorotic spots. 

P. mungo.
Local. Chlorotic spots develop in five days.
Systemic. The young leaves have chlorotic specks.

P. vulgaris var. Canadian Wonder.
Local. There may be isolated chlorotic specks in five days.
Systemic. The young leaves are malformed and curl to one side. They develop 

an irregular chlorotic speck mottle or vein flecking. Some plants are stunted. Fig. 3B. 
var. Haricot.

Local. Small chlorotic spots may develop in five days.
Systemic. The leaves are crinkled, curled and malformed. They develop a chlorotic 

speck mottle.
Pi sum sativum.

Local. No reaction.
Systemic. The young leaves develop a veinclearing and chlorotic spotting in

10 days. Later leaves are mottled, and the plant is rosetted.
202909—4
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Trifolium hybridum.
Local. No reaction.
Systemic. A chlorotic streaking develops.

T. incarnatum.
Local. N o reaction.
Systemic. The young leaves show a chlorotic network. Later leaves are chlorotic 

with dark green areas and also crinkled. The plant is stunted and rosetted.
T. pratense.

Local. No reaction.
Systemic. There is a chlorotic mottle leaving a dark green band along the midrib.

re pens.
A symptomless carrier.

Vicia faba.
Local. Necrotic lesions develop, and the rest of the leaf becomes chlorotic. 
Systemic. N o reaction.

Vigna sesquipedalis.
Local. Chlorotic spots develop in five days.
Systemic. After a veinclearing there is a chlorotic spot mottle.

V. unguiculata.
Local. There are chlorotic spots in five days.
Systemic. The young leaves develop a chlorotic network and later ones a chlorotic 

spotting.
Voandzeia subterranea.

Local. No reaction.
Systemic. After a chlorotic flecking on the young leaves, later ones develop 

mottle with necrotic specks.

Natural source o f  virus: Phaseolus vulgaris.
Canadian Wonder plants sown in an insect-free glasshouse. The primary leaves 

had chlorotic, almost white, specks, uniformly scattered over the leaf surface. The 
trifoliates were crinkled, slightly malformed and often curved to one side. There were 
areas of chlorotic speck mottling with varying amounts of necrosis in the chlorosis. 
The plants were severely stunted. Fig. 3A.

ID E N T IFIC A T IO N .

The symptoms caused by this virus on bean seem to resemble those described by 
Horsfall (17, 18) in a brief report on the one-sided mosaic—a strain of  common bean 
mosaic virus. However, Zaumeyer (51) working with a disorder similar to that found 
by Horsfall. attributed the symptom to a heritable abnormality.

When sap from the bean plants used in the experiments described here, was mechani
cally inoculated to several other legumes, obvious virus s>mptoms developed. Thus, 
it was concluded that in this case there was an infective organism involved and not a 
genetical mutation. Further tests proved that a virus was present.

Bean mosaic virus and its strains are known to be easily seed-transmissible, but 
there are also reports o f  the possible seed transmission of  the red node virus. Thomas 
and Graham (46) and bean Southern mosaic virus, Zaumeyer (55). Neither of  the 
latter two viruses show further similarities with the one described here.

The type bean mosaic virus and most o f  its strains have very restricted host ranges, 
whereas with this virus, 26 species o f  Leguminosae are susceptible.
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Snow (41) reported that a strain from gladiolus, which was 100 per cent seed-borne 
in beans, was able to infect several other legumes; but not broad bean, red, white or 
sweet clovers—all o f  which are hosts to this virus.

As this virus is also seed-transmissible it is provisionally placed with the bean 
mosaic virus group.

3 — BEAN C H L O R O T IC  R IN G SPO T  VIRUSES

Although none o f  these viruses originated from naturally infected Phaseolus vulgaris. 
the symptom expression on the bean is common to all forms described here. The local 
reaction consists of unusual, very marked chlorotic ring and line, or ringspot patterns, 
and the systemic symptom includes a mosaic and dark green blistering accompanied 
by a necrotic speckling.

The four isolates described here differ from one another on other host plants, 
but they are provisionally grouped together as strains of one virus, as their reactions 
on bean are identical.

Natural source of virus and locality:
Strain A.— Crotalaria juncea. Pretoria district and Groblersdal.
Strain B. — Glycine max. Pretoria and Bethal districts and Potchefstroom. 
Strain C.— Voandzeia subterranea. Pretoria and district.
Strain D.—Erythrina caffra. Pretoria.

P h y s ic a l  pr o p e r t ie s

Thermal 
inactivation 

point C.

Strain A ......................................................... ...............58-60
Strain B ........................................................................ 56-58
Strain C ......................................................... .............. 56-58
Strain D ....................................................................... 60-62

Longevity in 
vitro—days.

2-4
2-3
1-2
1-2

Dilution end point.

1:5000-I:10000 
1: 1000- 1:2000 
1:2000-1:5000 
1 : 1000- 1:2000

Transmission: All are transmissible by mechanical sap inoculation. Aphis 
craccixora is not a vector.

Symptoms on naturally infected plants:
Strain A.— Crotalaria juncea. Most leaves had a mosaic mottle with dark green 

veinbands. They were also malformed and rolled. The older leaves 
had necrotic specks.

Strain B.—Glycine max. There were chlorotic specks, spots, veinbands or a 
mottle on the leaves, and they were slightly malformed and crinkled. 
The plants were rosetted and stunted.

Strain C.— Voandzeia subterranea. The leaves had a chlorotic mottle and the 
plants were rosetted.

Strain D.—Erythrina caffra. The young leaves were reduced in size and had 
chlorotic spots. Older leaves showed a chlorotic, almost yellow, 
mottle.
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H o s t  r a n g e s

Strains.
Host Plant.

A B c D

Arachis hypogaea L .................................................................
Crotalaria juncea L ................................................................. +

+
4-

+
+ -r

C. spectabilis Roth.................................................................. + + -L 4*
Dolichos lablab L ..................................................................... + — ' + -i-
Glycine javanica L ................................................................... — — —

G. max <L.) Merr.................................................................... ( + + +
Lathyrus odoratus L ................................................................ + +
Lupinus albus L ........................................................................ +- + + +
L. luteus L .................................................................................. — + + 4-
7 . mutabilis Sweet.................................................................... -U + +
Vfedicago lupulina L ............................................................... _L + +
Melilotus officinalis W illd..................................................... -L + 4- +
Phaseolus acutifolius Gray var. latifolius Freem......... tt- + + +
P. lunatus L ............................................................................... + + -u +
P. mungo L ................................................................................ -T- + + -l-
P. vulgaris L .............................................................................. 4- + + +
Pisum sativum L....................................................................... — + + 4-
Trifolium fragiferum  L ...........................................................
T. hvbridum L ........................................................................... + + +
T. incarnatum L ........................................................................ + + 4- +
T. pratense L ............................................................................. + + -f- +
T. repens L .................................................................................
Vicia faba  L ...............................................................................

+
+ +

+
+

Vigna sesquipedalis (L.) W ight........................................... + + -i- T"
V. unguiculata (L.) W alp...................................................... + -1- 4- +
Voandzeia subterranea Thouars.......................................... 4- 4- -L +

R e a c t io n  o f  s u s c e p t ib l e  sp e c ie s

Not all host plants were inoculated with all four strains, but available results 
are tabulated below. The letters A -D  indicate the strains used.
Arachis hypogaea. B.C.

Local. B.C. No reaction.
Systemic. B.C. The leaves are chlorotic with dark green islands or veinbands

Crotalaria juncea. A- D.
Local. B. There are chlorotic spots in 10 days.
C.D. Necrotic spots or rings develop.
A. A combination of the above, viz., chlorotic spots which later become necrotic. 
Systemic. A. After a chlorotic spotting of the young leaves later ones are mottled

with dark green blisters. They are also malformed and almost stringlike. The old 
leaves have necrotic specks. The plant is stunted.

C. There is less malformation than with A but more necrosis—some plants may 
collapse.

B. D. There is a veinclearing and chlorotic spotting followed by a mottle with 
dark green veinbands or concentric chlorotic patterns. Fig. 5A. With D the leaves 
have wavy margins and may be slightly malformed.
C. spectabilis. A -D .

Local. A. D. No reaction.
B. C. There are isolated necrotic lesions.
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Systemic. All show a veinclearing followed by a mottle with dark green islands, 
veinbands or blisters. Fig. 5B. With A -C  the leaves are also crinkled and rolled; 
and the plant is rosetted with A.
Dolichos lablab. A. C. D.

A symptomless carrier for the three strains.
Glycine javaniea. A.

Local. There are chlorotic spots in six days.
Systemic. A diffuse chlorotic spotting develops.

G. max. A -D .
Local. C. No reaction.
A. B. There are chlorotic specks or ring and line patterns.
D. A slight veinal necrosis develops.
Systemic. C. D. The leaves have chlorotic patterns and irregular dark green 

areas. They are also crinkled. Fig. 5H.
A. B. In addition there are necrotic specks, Fig. 51, and with A fhe plant is 

stunted and rosetted.
Lathyrus odoratus. A. C. D.

Local. None show a reaction.
Systemic. A. D. The leaves are mottled with daik L.-een veinbanus, and rolled 

or cupped.
C. There are chlorotic streaks along the veins and the leaves are malformed. 

Lupinus albus. A -D .
Local. C. No reaction.
D. There are first chlorotic spots, but later the leaves are uniformly chlorotic.
A. There are chlorotic spots which later become necrotic and the leaves drop.
B. The chlorotic spots have a necrotic speck in the centre.
Systemic. D. The leaves develop a mosaic and the plant is slightly stunted.
B. C. As well as a mosaic, the leaves have dark green blisters and they are small 

and malformed. With B many leaves drop, leaving an almost bare stem and petioles.
A. In addition there are necrotic specks on the leaves and the plant is severely 

stunted.
L. luteus. A-D .

Local. C. D. No reaction.
A. B. Chlorotic spots develop.
Systemic. C. D. The young leaves remain folded and have wavy margins. Later 

formed leaves are mottled, and malformed or elongated. The plant is stunted.
A. B. In addition there are necrotic specks.

L. mutabilis. A. B. D.
Local. No reaction.
Systemic. With all three strains the leaves are mottled, malformed and reduced 

in size. The plant is rosetted.
Medicago lupulina. A. C. D.

Local. No reaction.
Systemic. A. C. After a veinclearing there is a mottle with chlorotic streaks. 

The leaves are crinkled.
D A symptomless carrier.

Xlelilotus officinalis. A -D
Local. A-C. No reaction.
D. There are chlorotic spots.
Systemic. B--D. The leaves are mottled and crinkled.
A. There is a chlorotic ring spotting on the young leaves, and streaking on later 

ones, which are also small and malformed. Fig. 5F.
Phaseolus acutifolius. A -D .

Local. A. Chlorotic spots and veins develop.
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B. C. D. There are necrotic lesions and veins plus chlorotic spots. These leaves 
usually collapse.

With C. there is also a marked epinasty.
Systemic. A. The young leaves curl back and have chlorotic veins and spots. 

Later leaves have an almost white speck mottling.
C. in addition to the above mottle there are dark green blisters. The pods are 

also mottled.
B. C. D. The young leaves curl back and develop a chlorotic network or patterns 

which become necrotic. Fig. 5D. This results in a collapse of  plants inoculated with D. 
Should secondary shoots develop they have malformed, mottled leaves.
P. limatus. A-D .

Local. D. No reaction.
B. Large chlorotic blotches develop.
A. C. There are chlorotic spots or ringspots which with C. become necrotic later. 

Fig. 5E.
Systemic. With all strains there is a chlorotic network or vein flecking. With 

A and D this is accompanied by a necrosis in the chlorosis.
P. mungo. A -D .

Local. C. No reaction.
D. Chlorotic spots develop.
A. B. There are necrotic spots and veins.
Systemic. A-C. There is a chlorotic spotting.
D. Only a diffuse mottle develops.

P. vulgaris. A -D .
(a) var. Canadian Wonder.

Local. All induce chlorotic ringspots. ring and line patterns or a vein etching. 
Fig. 4A.

Systemic. The young leaves develop a veinclearing and chlorotic spots, Fig. 4D.. 
and the leaves curl down. On some newly formed leaves there are yellow specks or 
distinct rings Fig. 4E.. but later there is a mottle. The leaves are crinkled and have 
many small necrotic specks. Fig. 4C.

With D. the pods are mottled and with C. they are malformed and have necrotic 
rings. Fig. 5G.

(b) var. Haricot.
Local. All strains result in chlorotic ringspots, or ring and line patterns. Fig. 4B. 
Systemic. After an initial veinclearing and chlorotic spotting the next formed 

leaves are mottled with dark green blisters, and they are malformed. The plants are 
rosetted.

With A. there is also a necrotic speckling which may cause a collapse of the plant.
(c) vars, Black Wonder, S.A. Black and White, Long Tom and Victor develop 

symptoms similar to Canadian Wonder.
(<d ) vars. Tendergreen and Idaho Refugee do not produce a distinct local 

reaction, but the systemic symptoms are similar to those on Canadian Wonder. 
Pisum sativum. A -D .

Local. B. C. No reaction.
A. Chlorotic specks develop and the leaves drop.
Systemic. B. C. Some leaves are mottled, while others have chlorotic areas which 

lead to a constriction of the laminae. The plants are rosetted and stunted.
A. The young leaves remain folded and have a chlorotic network and spotting. 

Later formed leaves develop a mosaic, while the old leaves have a white vein etching. 
The plant is rosetted and the tendrils are abnormally curled.

D. A symptomless carrier.
Trifolium hybridum. A. B D.

Local. N o reaction.
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Systemic. All three strains cause chlorotic spots or streaks and occasionally 
a mottle.

A. can be latent on this host.
T. incamatum. A -D .

Local. A. B. C. No reaction.
D. There is a chlorotic vein etching and spotting.
Systemic. A. B. C. After a veinclearing there is a mottle with dark green veinbands, 

and the leaves are crinkled.
D. In addition the older leaves develop chlorotic spots with necrotic rings.

T. pratense. A -D .
Local. No reaction.
Systemic. B. C. D. There are chlorotic spots, streaks or blotches. With C there 

are also yellow concentric patterns on the older leaves.
A. A symptomless carrier.

T. repens. A. D.
A symptomless carrier with both strains.

Vicia faba. A -D .
Local. D. No reaction.
A. Necrotic lesions develop.
B. There are purple necrotic rings and the remaining tissue becomes yellow. 
Systemic. D. Diffuse chlorotic spots develop.
A. There is a chlorotic spotting with a necrotic network.
B, C. No symptoms but the virus can be recovered.

Vigna sesquipedalis. A -D .
Local. D. No reaction.
A. There are chlorotic spots but later the whole leaf becomes chlorotic.
B. There are necrotic lesions and the rest of the leaf becomes chlorotic. They 

soon absciss.
C. In addition to the symptoms with B there is a marked epinasty.
Systemic. All induce a veinclearing, chlorotic spotting and mottle. B. may cause 

a stunting of the plants.
V. unguiculata. A -D .

Local. D. No reaction.
A. After a chlorotic spotting the leaves become flaccid.
B. There are necrotic lesions and the remaining leaf tissue becomes yellow'. The 

leaves soon drop.
C. There is a marked epinasty as well.
Systemic. B. C. D. Chlorotic spots develop and later a mottle.
A. In addition there are dark green blisters with the mottle, and later a necrotic 

sheen. The leaves are malformed and there may be necrotic stem streaks.
Voandzeia subterranea. A -D .

Local. Only with C are there chlorotic blotches.
Systemic. With all strains there may be a \einclearing, mottle and crinkle. Fig. 5C. 

Some plants with A and D are symptomless carriers.

ID EN TIFICA TIO N .

The characteristic feature of this group of viruses is the well-defined chlorotic ring 
and line or ringspot reaction on the inoculated leaves of bean. Similar symptoms on 
some varieties o f  bean are described by Cheo and Zaumeyer (8) with their strain of 
tobacco ringspot virus from bean, and with the green strain of tobacco ringspot.

However, none o f  the four isolates recorded here can be fully identified with either 
o f  these strains. There may be similarities in symptom expression on several hosts,
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e.g. on Glycine max the D isolate resembles the bean strain of  Cheo and Zaumeyer, 
and on white lupin the A isolate is similar to the green strain, but on other plants there 
are considerable differences.

Further, Dolichos lablab which is used as a differential host by Cheo and Zaumeyer 
when comparing four strains of  tobacco ringspot virus, is a symptomless carrier for 
three of the isolates described here, viz. A. C. D. and is not susceptible to the fourth.

On cowpea, the bean strain induces a systemic necrosis, which does not occur 
with any of these strains; and on broad bean it causes systemic necrotic rings which 
are not present with any of these isolates.

The type tobacco ringspot virus on bean usually induces local necrotic spots, 
rings or veins followed by systemic necrosis and collapse, Fierce (29) and Price (32). 
The effect of the viruses described here is mainly chlorotic with only necrotic specks 
on the trifoliates.

Stubbs (43) described the symptoms o f the type virus on peas, which is also necrotic, 
whereas with these strains it is only chlorotic.

In addition, the host ranges differ considerably.
Although there can be little doubt that the viruses recorded here are related to 

the tobacco ringspot group, there is no complete correlation with any of the strains 
previously described. They are therefore reported as additional strains and named 
bean chlorotic ringspot viruses A, B, C and D.

4 — BEAN LO CA L C H L O R O S IS  VIRUSES

The characteristic feature of the viruses in this group is the local reaction on the 
bean, viz. a distinct chlorotic spotting. This reaction occurred with isolates from 
several plant species. In other details these seven isolates differ from one another. 
They are therefore not considered to be one virus, but strains of  the virus linked by 
their common local reaction on the bean. (Only strains F and G differ slightly in the 
systemic reaction on bean.)

N a tira l  source of virus and locality:
Strain A.— Medicago denticulata. Stellenbosch.

B.—Lathyrus odoratus. Pretoria and district.
C.—Phaseolus vulgaris. Rustenburg.
D.— Crotalaria juncea. Salisbury.
E.— Glycine max. Pretoria, Nylstroom, Potchefstroom.
F.— Phaseolus vulgaris. Pretoria district.
G .— Trifolium incarnatum. Stellenbosch.

P h y s ic a l  p r o p e r t ie s

Virus.
Thermal 

inactivation 
point CC.

1 , ■ • Longevity in
vitro—days. Dilution end point.

Strain A .................................. ....................  60-62 2-3 1 2 ,000-1:5,000
Strain B. ....................  58-60 2-3 1 1,000-1:2,000
Strain C .................................. ....................  58-60 1-2 1 1.000- 1:2,000
Strain D .................................. ....................  62-65 1-2 1 2,000 1:5,000
Strain E .................................. ....................  56-58 1-2 1 1,000-1:2,000
Strain F .................................. ....................  60-62 3-4 1 2,000 1:5,000
Strain G .................................. ....................  56-58 1-2 1 2 ,000-1 :5,000
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Transmission: All are transmissible both by mechanical sap inoculation and by 
Aphis craccivora.

Symptoms on naturally infected plants (i.e. source of virus).
Strain A.— Medicago denticulata. The leaves showed varying degrees o f  chlorosis— 

spots, streaks, mottle and mosaic. They were small and crinkled and 
the plants were stunted. The incidence of infection was high.

Strain B.—Lathyrus odoratus. The leaves had chlorotic streaks or veinbands 
and they were small and puckered.

Strain C.— Phaseolus vulgaris var. Black Wonder. Most leaves were puckered 
and had small chlorotic specks. The plants were slightly stunted.

Strain D.— Crotalaria juncea. Some leaves had chlorotic spots, but most showed 
a mosaic, with dark green veinbands. They were also slightly malformed 
and rosetted; and the plants were stunted.

Strain E.— Glycine max. The leaves were mottled and puckered, and the plants 
were slightly stunted with a proliferation of the lateral shoots.

Strain F.—Phaseolus vulgaris (a) var. Long Tom. The leaves were mottled and 
severely curled and malformed. There were occasional necrotic stem 
streaks, and the pods had marked necrotic lesions. (b ) var. Haricot. 
The young leaves had a chlorotic network and were curled. Older 
ones were crinkled and mottled with dark green blisters.

Strain G .— Trifolium incarnatum. The leaves showed irregular chlorosis and they 
were small, crinkled and malformed. The plants were severely stunted.

H o s t  r a n g e s .

Strains.
Host Plant.

A B C D E F G

Arachis hypogaea L ......................................................... + _ j .
Crotalaria juncea L.......................................................... + — -n +
C. spectabilis R oth.......................................................... + + + + T +
Dolichos lablab L ............................................................. + + +  -
Glycine javanica I ......................... 4- + + +
G. max (L.) Merr............................................................ + + +  + + +
Lathyrus odoratus I ......................  . -t- + + + -r +
Lupinus albus L ................................................................. + + +  + — +
L. luteus L .......................................................................... + + + +  + _i_ +
L. mutabilis Sweet............................................................ + + + +
Medicago denticulata L .................................................. +
M. lupulina L ..................................................................... + — + + 4- _L
Vfelilotus officinalis W illd............................................. + — + + -r T

Phaseolus acutifolius Gra> var. latifolius Freem .. + -4- +  + — +
P. lunatus L ........................................................................ + — + +  — + +
P. mungo L ......................................................................... + — + 4- + -r 1-
P. vulgaris L ....................................................................... + + + -+- + + T
Pisum sativum  L ............................................................... + -f 4- ~r + _L T
Trifolium fragi ferum  L ................................................... — — _j_ —
T. hybridum L .................................................................... + -L f  + + -r
T. incarnatum L ................................................................ + + + -i- -i. -r -r
T. pratense L ...................................................................... T — -r -r -r
T. repens L ......................................................................... --- — — — +
Vicia faba  L ....................................................................... *r + -f +  + — +
Vigna sesquipedalis (L.) W ight.................................... + +  + — +
V. unguiculata (L.) W alp.............................................. + + + +  i + +
Voandzeia subterranea Thouars.................................. + + +  i

Í
+ T
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R e a c t io n  o f  s u s c e p t ib l e  s p e c ie s

Not all strains were tested on every host plant, but the available results are compared 
below. The letters, A -G  indicate the strains.
Arachis hypogaea. A. E. G.

Local. No reaction.
Systemic. A. The young leaves develop a mottle with a dark green midrib.
E. Chlorotic spots develop on the young leaves in 14 days. Later leaves are 

chlorotic with dark green islands.
G. There is a chlorotic mottle on most leaves.

Crotalaria juncea. A. C. D. F. G.
Local. A. C. G. No reaction.
L). Chlorotic spots develop in eight days.
F. In seven days large necrotic lesions develop which fuse later to give a “  scorch ” 

effect.
Systemic. A. G. After a veinclearing of the young leaves, the next formed are 

mottled with dark green blisters. They are also crinkled and curled and the plant is 
stunted.

C. In addition to the above there is a severe malformation and some leaves are 
almost stringlike. Fig. 6A.

D. F. Similar to C. with necrotic specks. With F, also a vascular necrosis which 
results in the death of  the plant.
Crotalaria spectabilis. A. B. C. D. F. G.

Local. Only with D are there small chlorotic spots.
Systemic. A. D. The young leaves develop a chlorotic network and speckling. 

The next leaves are crinkled with wavy margins, and are chlorotic with irregular dark 
green islands.

C. F. After a veinclearing the leaves develop dark green veinbands.
B. The new leaves have conspicuous white streaks which result in a malformation. 

(See report on sweet pea virus diseases for photograph.)
G. There is a mild speck mottling.

Dolichos lablab.
A symptomless carrier for A. C. D.

Glycine javanica. A. C. D. F. G.
F. G. Symptomless carriers.
Local. A. D. Chlorotic spots develop in 4-5 days.
C. No reaction.
Systemic. A. D. A diffuse mottle develops.
C. A chlorotic spotting is followed by chlorotic streaks.

Glycine max. B-G.
Local. B. C. D. No reaction.
G. There is a general chlorosis.
E. F. Chlorotic stars, rings and spots develop. With F. there are also necrotic 

specks.
Systemic. B. C. Only a diffuse mottle develops.
D. After a chlorotic spotting, there is a mottle of the leaves which are crinkled.
G. There may be chlorotic spots with necrotic rings on the older leaves, while

the younger ones are mottled.
E. F. There is first a veinclearing, then chlorotic spotting and a mottle. Later, 

necrotic specks develop. The leaves are crinkled and the plants are stunted.
Lathyrus odoratus. A. B. C. D. F. G.

Local. No reaction.
Systemic. C. There is only a diffuse mottle.
F. The leaves are elongated and rolled and show chlorotic streaks.
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A. D. G. The early symptoms are similar to F, but later formed leaves have a 
mottle with well-defined dark green veinbands.

B. There is a mosaic motile on most leaves and the stems show necrotic streaks. 
(See report on the virus diseases of sweet pea.)
I.upinus albus. A -G .

Local. A. B. C. No reaction.
D. F. There are small necrotic specks.
E. After the necrotic specks have developed, the leaves become chlorotic and 

soon drop.
Systemic. A. After a chlorotic spotting of the young leaves, there are dark green 

blisters on later formed leaves which are reduced in size. The plant is stunted.
C. E. There is an initial mosaic but later leaves are quite chlorotic. They are 

small, have wavy margins and remain folded. Many absciss.
B. D. G. In addition to the symptoms for C. E. there are necrotic specks on the 

leaves; and necrotic stem streaks with D.
Lupinus luteus. A -G .

Local. A. B. C. F. G. No reaction.
D. Chlorotic spots develop.
E. The leaves are chlorotic with necrotic specks and they soon drop.
Systemic. A. B. The leaves are mottled and crinkled and they remain folded.
C. E. G. There is also a malformation of the leaves and the plant is stunted.
D. F. The malformation is severe and the leaves are stringlike with dark green 

blisters.
With F. there are also necrotic stem streaks.

Lupinus mutabilis. A. C. D. G.
Local. No reaction.
Systemic. A. D. The leaves are chlorotic with dark green blisters, and they are 

malformed. The plant is rosetted.
C. G. The plants collapse after necrosis.

Medicago lupulina. A. C. D. F. G.
Local. Only with F is there a reaction. Necrotic lesions develop, and fuse, and 

the leaves collapse.
Systemic. The symptoms are similar for all strains, viz. a chlorotic streak mottle 

a n d /o r  dark green veinbands. With D the leaves are crinkled.
Melilotus officinalis. A. C. D. F. G.

Local. A. C. G. No reaction.
D. F. There are chlorotic spots with dark green rings.
Systemic. C. D. A chlorotic spot mottling develops.
A. In addition the leaves are malformed.
F. G. There are distinct ring and line patterns and the leaves are malformed. 
With F there may also be necrotic specks.

Phaseolus acutifolius. A. C. D. E. F. G.
Local. All these strains induce a chlorotic and necrotic reaction—usually chlorotic 

spots with necrotic veins. C and E also induce necrotic spots and G also causes necrotic 
rings round the chlorotic spots.

Systemic. A. C. F. After a veinclearing there is a mottle with slight malformation.
D. E. G. In addition there is a necrosis of the veins; or necrotic specks with G. 

P. lunatus. A. C. D. E. F. G.
Local. Except for D, these strains induce chlorotic spots or large blotches. D shows 

no reaction.
Systemic. I). After a veinal necrosis the leaves drop.
The other strains cause a chlorotic vein flecking.

P. mungo. A. C. D. E. F. G.
Local. A. I). There are chlorotic spots.
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F. There are necrotic spots.
E. G. There are both chlorotic spots and nccrotic specks or veins.
Systemic. A. E. After a veinclearing there are chlorotic spots or irregular areas.
D. F. G. In addition, necrosis sets in. in the chlorosis and the leaves have a necrotic 

sheen.
C is latent in this plant.

P. vulgaris var. Canadian Wonder. A -G .
Local. All strains cause distinct, vivid chlorotic spots. Fig. 6C. These may 

fuse with closely adjacent ones, Fig. 6D, but usually they retain their individuality.
Systemic. A-E. After a clearing of  the veins there is a chlorotic spotting and 

then a mottle.
With D and E there are also dark green veinbands.
F. G. In addition the young leaves develop necrotic specks and they are malformed. 

The pods have sunken dark green areas and they are misshapen.
vars. Black Wonder, Idaho Refugee, Long Tom, S.A. Black and White, 

Tendergreen and Victor show symptoms similar to those on Canadian Wonder.
var. Haricot may develop local chlorotic specks with strains A. I). E. F., but, 

on the trifoliate leaves the reaction is the same as that on Canadian Wonder. 
Pisum sativum. A -G .

Local. B. C. E. G. No reaction.
A. F. After a veinal necrosis the leaves collapse.
D. There may be chlorotic specks.
Systemic. A. B. F. After a veinclearing and chlorotic spotting there is a mottle 

on later formed leaves. Necrosis sets in. in the chlorosis, or there are necrotic stem 
streaks and the plant collapses.

C. G. There is a veinclearing, chlorotic spotting and mottle, and the plants are 
rosetted.

D. E. In addition to the mottle, the leaves are malformed and small, and the 
tendrils are abnormally curled. The older leaves have an almost white vein etching. 
Trifolium fragiferum. F.

Local. Necrotic spots develop after six days.
Systemic. A diffuse chlorotic (almost white) spotting occurs.

T. hvbridum. A -G .
Local. A. C. D. E. G. No reaction.
B. F. There is a chlorotic spotting.
Systemic. A. B. C. G. Chlorotic streaks following the veins develop.
D. F. There is a chlorotic spotting on the young leaves, and on later formed ones 

there is a vivid yellow streak mosaic. With D the plants are also stunted.
E. A symptomless carrier.

T. incarnatum. A -G .
Local. B C. E. F. No reaction.
A. D. Chlorotic spots develop in 5-6 days.
G. There are chlorotic spots with necrotic rings and necrotic centres.
Systemic. B. C. E. After a veinclearing there is a mosaic mottle, and slight

puckering of the leaves.
D G. There is a chlorotic network, followed by a chlorotic spotting and later 

a mosaic. The leaves are crinkled and malformed, and the plant is rosetted and stunted.
F. In addition to the symptoms for D and G, necrosis sets in, in the chlorotic 

spots.
A. After 10 days the young leaves show a veinclearing. Later formed leaves 

have a mosaic with dark green veinbands and blisters. They are severely crinkled, 
with wavy margins. The plant is extremely stunted and rosetted, and may collapse. 
T. pratense. A. D. F. G.

Local. A. D. F. G. N o reaction.
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Systemic. A. In 10 days the veins are chlorotic, and later a mosaic develops. 
The leaves are crinkled and may be malformed with necrotic areas.

D. F. There is a chlorotic streak mottle, but D may be latent in this host.
G. After a veinclearing there are short dark green veinbands and a dark green 

midrib. The leaves are crinkled or slightly malformed.
T. repens. F. G.

A symptomless carrier for both strains.
Vicia faba. A -G .

Local. B. C. No reaction.
A. There are chlorotic spots with small necrotic specks in four days.
D. Small necrotic lesions develop.
F. In 4-5 days there are large necrotic lesions which spread and fuse with adjacent 

ones. As the leaves mature, the background becomes yellow. Fig. 6B.
Systemic. A. B. C. D. There is a chlorotic network and spotting, with a mottle 

on later formed leaves.
F. Occasionally the local necrosis will spread down the petiole and thence into 

the stem. This results in the collapse of the plant.
E. G. Symptomless carrier.

Vigna sesquipedalis. A. D. E. F. G.
Local. A. E. F. G. Chlorotic spots develop in 5-6 days.
D. There are first chlorotic ringspots, but later the whole leaf becomes chlorotic.
Systemic. A. No reaction.
D. E. F. G. There are chlorotic spots and later a mottle.

V. unguieulata. A -G .
Local. D. No reaction.
A. B C. E. G. There are necrotic lesions in 4-5 days.
F. Although there is no necrosis, the leaves become flaccid and absciss.
Systemic. B. No reaction.
A. C. E. F. G. After a veinclearing there are chlorotic specks, and, on later formed 

leaves, a mottle.
D. The mottle is accompanied by dark green blisters.

Voandzeia subterranea. A. C. D. F. G.
Local. A. C. F. G. N o reaction.
D. There are chlorotic spots with necrotic rings in seven days.
Systemic. All induce a chlorotic spotting followed by a mottle. In addition, 

D causes dark green veinbands.

ID EN TIFICA TIO N .

The feature which links these seven strains is the vivid chlorotic spotting on the 
inoculated leaves of the bean.

A similar symptom has been described by Ainsworth with the “ sweet pea streak ” 
virus (1), Zaumeyer with alfalfa yellow mosaic virus (53) and Smith and M arkham with 
a virus from Ligusticum (40). Van der Want (50) reports that on the variety Servus, 
local chlorotic spots are sometimes produced with two strains of  bean yellow mosaic 
virus.

However, although there may be other similarities between these four viruses 
and some of the strains described here, there is no complete correlation, e.g. strain G 
resembles alfalfa yellow mosaic in its reaction on bean, pea and broad bean, but on 
other hosts it differs considerably. Further, the alfalfa yellow mosaic can infect 
solanaceous plants, whereas the host range o f  this virus is restricted to the Leguminosae.

During a survey of legume virus diseases in England (22) three strains causing 
this characteristic local reaction on bean were isolated from naturally infected species 
of  Phaseolus, Pisum, Vicia, Trifolium, Medicago, Melilotus and Lathyrus. These strains
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were designated A. B. and C. and they have also been found in this country on Phaseolus, 
Lathyrus and Medicago spp. A further four strains have been isolated from other 
naturally infected host plants, viz. Crotalaria. Glycine, Phaseolus and Trifolium spp. 
and are named bean local chlorosis virus, strains D. E. F. and G.

5. BEAN N ECRO SIS VIRUS

A virus found on naturally infected Crotalaria spectabilis caused extremely severe 
local and systemic necrosis on bean. A similar reaction on bean developed with isolates 
from Dolichos lablab and Glycine javaniea, but on some other host plants these isolates 
differed.

In this account the virus is described as a whole, and the variations are given under 
the appropriate species.

Physical properties: Thermal inactivation point 65-70 C.
Longevity in vitro 6-7 days.
Dilution end point 1:5,000-1:10,000.

Transmission: Mechanical sap inoculation.
Not by Aphis craccivora.

Host range: Arachis hypogaea L., Crotalaria juncea L., C. spectabilis Roth., 
Dolichos lablab L., Glycine javaniea L., G. max (L.) Merr., Lathyrus odoratus L., Lupinus 
albus L.. L. luteus L.. L. mutabilis Sweet., Medicago lupulina L., Melilotus officinalis 
Willd., Phaseolus acutifolius Gray var. latifolius Freem., P. lunatus L., P. mungo L., 
P. vulgaris L., Pisum sativum L., Trifolium hybridum L., T. incarnatum L., T. pratense L., 
Vicia faba L.. Vigna sesquipedalis (L.) Wight., V. unguiculata (L.) Walp., Voandzeia 
subterranea Thouars.

R e a c t io n  o f  s u s c e p t ib l e  s p e c ie s

Arachis hypogaea.
Local. No reaction.
Systemic. The leaves have chlorotic areas with dark green islands.

Crotalaria juncea.
Local. There are necrotic lesions and the leaves drop.
Systemic. After 12 to 14 days there is a vein clearing of the young leaves, followed 

by a chlorotic spotting and a mottle mosaic. The leaves are rolled and the plant is 
stunted.
C. spectabilis.

Local. No reaction.
Systemic. After a veinclearing and spotting of the young leaves, later ones are 

very chlorotic and rolled and crinkled. The plant is stunted.
Dolichos lablab.

Local. No reaction.
Systemic. The young leaves develop a chlorotic network. The next formed leaves 

are mottled and slightly crinkled.
Glycine javaniea.

Local. There are small necrotic specks and the leaf becomes chlorotic.
Systemic. Chlorotic spots and vein flecks develop on most leaves. On some there 

are large irregular chlorotic blotches, and the leaves are puckered.
Glycine max.

Local. Small necrotic specks appear in 10 days.
Systemic. The young leaves develop chlorotic veins, spots and flecks. Necrosis 

develops in the chlorosis of the old leaves, resulting in a malformation. The plant 
is stunted.
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Lathyrus odoratus.
Local. No reaction.
Systemic. Most leaves show a dark green streak mottle and they are rolled down

wards.
Lupinus albus.

Local. There are chlorotic spots.
Systemic. In 11 to 12 days the young leaves develop a veinclearing with chlorotic 

spots. Later leaves are small and malformed with dark green blisters. They remain 
folded and the margins are irregular. The growing point is rosetted and the plant is 
stunted. Many older leaves drop.
L. luteus.

Local. Small chlorotic spots may develop.
Systemic. A veinclearing and chlorotic spotting of the young leaves develops 

in eight to nine days. New leaves remain folded with the tips twisted. They are mottled 
and small. The plant is stunted.
L. mutabilis.

Local. No reaction.
Systemic. The young leaves curl up, and they are spotted. Later ones are very 

small and chlorotic. Many drop.
Medicago lupulina.

A symptomless carrier.
Melilotus officinalis.

Local. No reaction.
Systemic. Occasional irregular vivid chlorotic areas and some dark green ringspots 

develop. Fig. 7B. The virus is recoverable from symptomless leaves.
Phaseolus acutifolius.

Local. There may be necrotic specks.
Systemic. The young leaves curl back and have veins which are chlorotic then 

necrotic. The plant collapses.
P. lunatus.

Local. Small necrotic lesions appear in four days. These have chlorotic haloes. 
Systemic. There are chlorotic vein flecks on most leaves in three weeks. Fig. 7C. 

P. mungo.
Local. In five days there are necrotic rings.
Systemic. There is a chlorotic spotting and then a mosaic with a slight distortion. 

P. mungo with the B isolate.
A symptomless carrier.

P. vulgaris var. Canadian Wonder.
Local. There is a severe necrosis of the veins and petioles. Fig. 7E.
Systemic. In 12 days the young leaves start to curl round and back, and have a 

veinclearing. Necrosis sets in, in the veins causing a malformation. These leaves 
drop and very few more are formed. Fig. 7A. The old leaves have large chlorotic 
blotches.

var. Haricot.
Local. In seven to eight days the leaves have necrotic veins.
Systemic. This necrosis spreads along the petioles and up the stem. The young 

leaves show a necrotic sheen and the growing point collapses in 14 to 15 days.
Pisum sativum.

Local. The leaves collapse after a general necrosis.
Systemic. In eight to nine days a veinclearing o f  the young leaves develops. Later 

leaves have a mottle or mosaic with necrosis. The growing point is rosetted and the 
plant is stunted and may collapse.
P. sativum. With the B isolate.

Local. No reaction.
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Systemic. Only a chlorotic network o f the young leaves develops in 13 days. 
Trifolium hybridum.

Local. No reaction.
Systemic. After a chlorotic spotting on the young leaves, the next show alternate 

streaks. Necrosis sets in, in the chlorosis. Fig. 7D.
The B isolate is latent.

T. incarnatum.
Local. There are necrotic veins on chlorotic leaves.
Systemic. In a week the young leaves show a chlorotic network, and vein flecks. 

Later leaves have a mosaic with dark green veinbands and they are crinkled. The 
plant is very stunted and usually collapses.

The B isolate is latent.
T. pratense.

Local. N o reaction.
Systemic. There are diffuse dark green veinbands.

Vicia faba.
Local. There are necrotic rings on chlorotic leaves.
Systemic. After 10 days the young leaves show a chlorotic network with small 

chlorotic spots. Later leaves are mottled.
Vigna sesquipedalis.

Local. No reaction.
Systemic. The young leaves develop chlorotic spots and flecks, and later veinbands. 

V. unguieulata.
Local. In five days the leaves show necrotic spots and they drop.
Systemic. Only a diffuse mosaic develops on the young leaves of  some varieties. 

The virus is recoverable from symptomless plants.
Voandzeia subterranea.

A symptomless carrier.

Natural source of virus:

(a) Crotalaria spectabilis. Potchefstroom, Pretoria and district. There was a 
chlorotic mottle with dark green veinbands and blisters. On older leaves 
there was necrosis in the chlorosis, and there were also necrotic stem streaks. 
The plants were stunted and rosetted.

(b) Dolichos lablab. Prinshof Experimental Station, Pretoria. The younger 
leaves had chlorotic spots; and the older ones, a mottle with dark green vein
bands and blisters.

(c) Glycine javanica. An experimental plot adjacent to (b). There were irregular 
chlorotic areas on most leaves, which were also puckered.

ID E N T IFIC A T IO N .

The dominant feature of this virus is the severe local and systemic necrosis on bean. 
This type of symptom occurs with many other viruses, with which this one will be 
com pared:—

(#) The reaction appears to be very similar to photographs of black root, Jenkins 
(19, 20) which is the symptom expression of common bean mosaic virus on 
particular variety lines of  bean. However, as Canadian Wonder has been 
used throughout these experiments, and has shown the more typical reaction 
of bean mosaic (veinbanding, rolling etc.) that virus is not the causal agent. 
This is further confirmed by the great differences in host range and physical 
properties.
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(b) There are several strains of alfalfa mosaic virus which may result in similar 
symptoms on some varieties of  bean, e.g. the tuber necrosis and potato calico 
strains of  Oswald (26), alfalfa mosaic N of McWhorter (23) and alfalfa yellow 
mosaic virus of Zaumeyer (53). However, on other hosts the symptoms differ 
considerably from those caused by this virus, and, with the first three-named 
strains, the property values differ also.

(c) Of the several bean yellow mosaic virus strains, only the X-strain o f  McWhorter 
(24) and the severe yellow strain of Thomas and Zaumeyer (49) induce both 
local and systemic necrosis on some varieties of bean. Nevertheless, the 
differences in symptom expression on other host plants, host ranges and physical 
properties are too great for this virus to be identified with either strain.

(d) On bean, pea and soybean this virus induced symptoms similar to those caused 
by the pea streak virus, Chamberlain (7), but on other plants they are dissimilar. 
Further, the pea streak virus withstands higher temperatures and dilutions and 
longer ageing than this one.

(e) This virus cannot be identified with the bean Southern mosaic, Zaumeyer 
and Harter (55) as the latter has a very restricted host range and high physical 
property values.

( / )  There are too few details of the bean yellow necrosis virus Johnson (21) and 
the Dolichos mosaic virus Capoor and Varma (5) for an accurate comparison 
to be made.

(g) There are other non-legume viruses which result in a similar type o f  reaction 
on certain varieties o f  bean, e.g. tobacco necrosis virus causing stipple streak 
of bean, van der W ant (50) and a tobacco streak strain causing red node of 
bean, Thomas and Zaumeyer (47, 48). Also the tobacco ringspot virus Pierce 
(30), tobacco broken ringspot virus, Smith and M arkham (39) and a cucumber 
mosaic virus strain isolated from spinach by Fulton (12). With none of these 
is there a complete correlation.

From this account o f  the data available, it seems that the virosis described above 
cannot be wholly identified with any previously recorded disease.

It shows some similarities with several viruses and is probably related to one of 
them—meanwhile it is named the bean necrosis virus.

6 —BEAN VIRUS CO M PLEX

When beans were inoculated with the sap from several naturally infected Phaseolus 
vulgaris and Crotalaria spectabilis plants, two distinct types of local lesions developed, 
viz. chlorotic spots or blotches and necrotic specks. After several transfers to and from 
other hosts, it became evident that more than one virus was involved.

For the convenience of  others who may have to identify bean viruses, the complex 
is firstly described as such, and then the symptoms of the individual components are 
compared.

The virus causing the local chlorosis appears to be identical with the bean local 
chlorosis virus A, which has already been described and which occurs naturally on 
its own.

The second component, which results in the local necrotic lesions on bean, is 
named bean necrotic speckle virus. Apparently, it is not found alone in the field, 
but only in the complex.
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Natural source o f  virus complex and locality:
(a) Phaseolus vulgaris. Pretoria and district, Groblersdal and Bronkhorstspruit.

Several varieties showed large chlorotic blotches on the older leaves, and 
a mottle on the younger ones. These were also crinkled and slightly malformed. 
Most plants were stunted. On some varieties e.g. Rooikrans there were necrotic 
specks on the leaves and sunken necrotic areas on the pods.

(b) Crotalaria spectabilis. Potchefstroom.
The leaves had dark green veinbands with irregular chlorotic areas inter- 

veinally. There were short necrotic stem streaks and the plants were stunted. 
Throughout this description, the following abbreviations will be used:—

Comp.—virus complex.
BLCV. A.—bean local chlorosis virus A.
BNSV.— bean necrotic speckle virus.

Physical properties: Thermal inactivation point 60-64 C.
Longevity in vitro 2-3 days.
Dilution end point 1:1,000-1:5.000.

These values refer to the complex and to the two components.
Transmission: Mechanical sap inoculation.

Aphid transmission tests were inconclusive.
Host range: Arachis hypogaea L., Crotalaria juncea L., C. spectabilis Roth.,

Glycine max (L.) Merr., Lathyrus odoratus L., Lupinus albus L., L. luteus L., L. mutabilis 
Sweet., Medicago lupulina L., M. sativa L., Melilotus officinalis Willd., Phaseolus 
acutifolius Gray var. latifolius Freem., P lunatus L., P. mungo L., P. vulgaris L., Pisum 
sativum L., Trifolium hybridum L., T. incarnatum L,, T. pratense L., T. repens L., Vicia 
faba  L . Vigna sesquipedalis (L.) Wight., V. unguiculata (L.) Walp., Voandzeia subterranea 
Thouars.

BLCV. A is not able to infect Glycine max, Medicago sativa or Trifolium repens. 

R e a c t i o n  o f  s u s c e p t i b l e  s p e c i e s

Arachis hypogaea.
Local. No reaction.
Systemic. With all three viruses a mottle develops.

Crotalaria juncea.
Local. Comp, and BNSV. In nine days there are chlorotic spots with necrotic 

centres.
BLCV. A. No reaction.
Systemic. Comp. The growing point curves strongly to one side. The leaves 

are puckered with wavy margins and they have dark green blisters. The plant is rosetted 
and stunted.

BLCV. A. There is a crinkling of the leaves with a mottle and dark green blisters. 
BNSV. After a veinclearing of  the young leaves, later formed ones are mottled 

with a necrotic sheen. The plant is stunted.
C. spectabilis.

Local. No reaction.
Systemic. The symptoms with all three viruses include a veinclearing a n d /o r  

chlorotic spotting, followed by a mottle with dark green blisters. The leaves are crinkled 
and the plant is slightly stunted.
Glycine max.

Local. Comp, and BNSV. Chlorotic spots develop in nine days.
Systemic. Both viruses cause a chlorotic spotting on the young leaves, and a 

mottle and malformation on later formed ones. Fig. 8D.
With BNSV. there are also necrotic specks on the old leaves.
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Lathyrus odoratus.
Local. Comp, and BNSV. Small necrotic lesions develop.
BLCV. A. No reaction.
Systemic. With all three, the leaves are rolled and mottled. There are also dark 

green veinbands with BLCV. A.

Lupinus albus.
Local. Comp, and BNSV. There are small necrotic lesions and the leaflets absciss. 
BLCV. A. No reaction.
Systemic. The three viruses induce a veinclearing or chlorotic spotting on the 

young leaves which remain folded. Later formed leaves are small and chlorotic with 
dark green blisters, and the plant is rosetted.

With the complex, the stem may become necrotic and the plant collapses.

L. luteus.
Local. No reaction.
Systemic. Comp. The young leaves are mottled and remain folded. Later 

formed leaves are malformed and almost stringlike, with large dark green blisters. 
The plant is stunted and rosetted.

BNSV. Chlorotic spots may develop. Later leaves have a dark green band along 
the midrib which is puckered, and the margins are rolled upwards. The plant is rosetted. 

BLCV. A. The leaves are mottled, folded and crinkled.

L. mutabilis.
Local. Comp. There is a general necrosis and the leaflets absciss.
BNSV. and BLCV. A. N o reaction.
Systemic. Comp. Necrotic stem streaks develop, the growing point curls to one 

side, and the plant eventually collapses.
BNSV. If  the plants are young when infected, the reaction is similar to that of 

the complex. On older plants, there is a mottle on the leaves which are small and 
stringlike, and rosetted.

BLCV. A. The leaves are severely curled and very chlorotic with dark green 
blisters.

Medicago lupulina.
Local. No reaction.
Systemic. With the complex there are areas with mosaic markings, but with the 

other two viruses there is a mottle with dark green veinbands.
M. sativa.

Local. No reaction.
Systemic. Both the complex and BNSV cause a diffuse chlorotic spot mottle, 

and a slight malformation of  the leaves.

Melilotus officinalis.
Local. No reaction.
Systemic. Comp, and BLCV. A. There is a mottle with chlorotic streaks and 

the leaves are malformed.
BNSV. Only a chlorotic mottle develops.

Phaseolus acutifolius.
Local. All three viruses induce a chlorotic spotting with necrotic veins or rings. 

The leaves collapse.
Systemic. Comp. The young leaves develop a veinclearing with necrosis, and 

they are severely curled. Later leaves have a speck mottle.
BNSV. This necrosis usually results in the collapse of the growing point. Should 

any secondary shoots develop, they have small, malformed and mottled leaves.
BLCV. A. There is a  yellow network only.
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P. lunatus.
Local. Comp. Chlorotic spots with necrotic specks develop.
BNSV. There are small necrotic specks in nine days.
BLCV. A. Chlorotic spots develop in four days.
Systemic. Comp, and BLCV. A. After a veinclearing, there are chlorotic flecks 

along the veins on most leaves.
BNSV. On the first trifoliates to show symptoms, there is a chlorotic network 

which soon becomes necrotic. Later formed leaves are speckled.
P. mungo.

Local. Same as for P. lunatus.
Systemic. Comp. The younger leaves develop chlorotic spots, each with a necrotic

ring.
BNSV. After a chlorotic spotting on the young leaves, the next formed have 

dark green veinbands with irregular shaped chlorotic areas, which cause a distortion 
of  the laminae. There are necrotic specks on the older leaves.

BLCV. A. Irregular chlorotic areas develop on some leaves.
P. vulgaris var. Canadian Wonder.

Local. Comp. In 4-5 days small necrotic specks develop which may fuse with 
closely adjacent ones. After six days there are also chlorotic spots, which develop 
independently from the specks. Fig. 8A.

BNSV. In 2-3 days necrotic specks develop.
BLCV. A. There are chlorotic spots in 4-5 days.
Systemic. Comp. The first trifoliates show large chlorotic blotches in 12-14 days. 

Young leaves have chlorotic spots, and later ones develop a mottle with dark green 
blisters. They are slightly puckered and may have twisted tips. The pods are mottled. 
Fig. 8B.

BNSV. After a chlorotic spotting o f  the young leaves, later ones develop a mottle, 
with dark green blisters. These leaves are malformed and elongated, and the plant 
is stunted.

BLCV. A. There is a veinclearing of  the young leaves; later formed ones are 
mottled, crinkled and slightly malformed.

vars. Black Wonder and S.A. Black and White.
Local. Comp, and BLCV. A. Same as for Canadian Wonder.
BNSV. There are necrotic rings in addition to the necrotic specks.
Systemic. Same as for Canadian Wonder.

vars. Idaho Refugee, Long Tom, Tendergreen and Victor.
Local. Comp. Very few necrotic specks develop.
BNSV. and BLCV. A. Similar to that on Canadian Wonder.
Systemic. Same as for Canadian Wonder.

var. Haricot.
Local. Comp. In addition to the symptoms described for Canadian Wonder, 

there is a necrosis of  the veins and petioles.
BNSV. There are necrotic specks, veins and petioles, Fig. 8C.
BLCV. A. Same as Canadian Wonder.
Systemic. Comp, and BNSV. There are necrotic specks and stem streaks which 

may result in the collapse of the plant.
BLCV. A. Similar to Canadian Wonder.

Pisum sativum.
Local. Comp. After a general necrosis the leaves collapse.
BLCV. A. The veins become necrotic and the leaves collapse.
BNSV. Necrotic spots develop.
Systemic. Comp, and BLCV. A. There is a veinclearing of  the young leaves.
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Later formed ones are m ottled with necrosis setting in, in the chlorosis. The plant 
usually collapses.

BNSV. M ost leaves develop chlorotic spots and veins, which soon become necrotic. 
The leaves remain folded, the tendrils are abnorm ally curled and the plant is rosetted. 
Later, necrotic stem streaks develop, which may lead to the ultim ate collapse o f the 
plant.
Trifolium hybridum.

Local. BNSV. There are diffuse chlorotic spots, with dark green rings.
Comp, and BLCV. A. N o reaction.
Systemic. BNSV. There are chlorotic spots, streaks and ringspots.
Comp, and BLCV. A. A chlorotic streaking develops.

7. incarnatum.
Local. Comp. C hlorotic spots with necrotic rings develop.
BNSV. There are necrotic rings and a general chlorosis.
BLCV. A. C hlorotic spots develop.
Systemic. All three viruses cause a veinclearing, and later a m ottle with dark 

green areas, veinbands or blisters. W ith the complex and BLCV. A. the leaves are 
severely crinkled. With BNSV. necrosis may set in, in the chlorosis and the plant may 
collapse.
T. pratense.

Local. Comp, and BNSV. Small necrotic lesions may develop.
BLCV. A. No reaction.
Systemic. Comp. There are chlorotic blotches on the old leaves and chlorotic 

streaks on the younger ones. Necrosis may set in. in the latter, resulting in a distortion 
o f the laminae.

BLCV. A. Similar symptoms develop.
BNSV. This virus is latent in the young leaves.

T. repens.
Local. N o reaction.
Systemic. Comp, and BNSV. A chlorotic streak mottle develops, or there are 

no symptoms.
Vicia faba.

Local. Comp. Small necrotic specks develop.
BNSV. In addition there are necrotic rings.
BLCV. A. There are necrotic specks and chlorotic spots in 4-5 days.
Systemic. Comp. The older leaves develop large necrotic lesions which spread 

and fuse, and the leaves drop. This necrosis may continue into the growing point which 
then collapses: or the young leaves may be mottled.

BNSV. Very diffuse chlorotic spots with necrotic specks develop on the young 
leaves. Later formed leaves have alm ost yellow spots which soon become necrotic. 
M ost leaves drop.

BLCV. A. After a chlorotic spotting, there is a mottle.
Vigna sesquipedalis.

Local. Comp. There are chlorotic spots with necrotic specks and veins. The 
leaves soon drop. Fig. 8E.

BNSV. Only the necrosis develops.
BLCV. A. Only the chlorotic spotting occurs.
Systemic. Comp, and BNSV. There is a veinclearing of the young leaves. Later 

form ed ones have dark green specks, veinbands and blisters, and they are rolled dow n
ward.

BLCV. A. N o reaction.
V. unguiculata.

Local. W ith all three viruses there are necrotic specks a n d /o r  veins.
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Systemic. The three viruses induce a chlorotic network followed by a m ottle on 
later formed leaves.

W ith BNSV. there are also dark green blisters.
Voandzeia subterranea.

Local. Com p, and BNSV. Small chlorotic spots develop.
BLCV. A. No reaction
Systemic. Comp. There are chlorotic spots and flecks on the young leaves. 

Later leaves have dark green veinbands and a necrotic sheen.
BNSV. The young leaves have chlorotic spots, with necrosis setting in.
BLCV. A. There is a chlorotic mottle.

ID E N T IFIC A T IO N .

This virus complex consists o f two distinct com ponents, which differ considerably 
jn their individual symptom expression on most o f the host plants tested.

The com ponent causing the local chlorosis on bean has already been designated 
bean local chlorosis virus A—one o f a group of viroses which result 111 this characteristic 
reaction.

On some varieties o f bean this same type o f local chlorosis occurs with the alfalfa 
yellow mosaic virus of Zaum eyer (53), but on many other host plants the symptoms 
do not agree.

With the alfalfa yellow mosaic, bean varieties develop either a local necrosis or 
a local chlorosis—never both sym ptom s simultaneously.

The second com ponent, which causes small local necrotic lesions on bean, is nam ed 
bean necrotic speckle virus. This sym ptom  occurs both locally and systemically on 
many host plants, and on some species it is lethal.

Again, there are similarities in sym ptom  expression on some varieties o f bean, 
with those caused by alfalfa yellow mosaic virus, but differences on other hosts preclude 
complete correlation. Further, the host range of alfalfa yellow mosaic includes more 
susceptible species and it can w ithstand higher temperatures.

There are several other viruses, which, on some varieties of bean, cause the same 
com bination o f symptoms as occur with bean necrotic speckle virus, viz. local necrosis 
with systemic chlorosis.

The bean mosaic virus 4, Zaum eyer (56) and pod mottle virus, Zaum eyer (58) 
both have very restricted host ranges, and strong resistance to heating and ageing. 
The pea streak virus, C ham berlain (7) also w ithstands a very high dilution.

Although the red node virus, Thom as and Zaumeyer (47), yellow dot virus, Thom as 
and Zaumeyer (44) and white clover mosaic virus complex, Zaumeyer and W ade (60) 
do cause both local necrosis and systemic chlorosis, the descriptions of the type of 
symptom do not agree with those induced by bean necrotic speckle virus.

The local lesion strain of bean yellow mosaic virus, Thom as and Zaum eyer (49) 
results in similar symptoms on some bean varieties, but there are considerable differences 
in the symptoms on other plants, the host ranges and physical properties.

In England, a virus similar to  the bean necrotic speckle virus was found on broad 
bean, also in com bination with one causing local chlorotic spots on bean (22).

At the time, it was considered a new virus, but from recent literature, it now appears 
to be related to the lucerne (alfalfa) mosaic virus group.

There is a considerable resemblance between this virus and some o f the m any 
strains o f lucerne mosaic, in respect o f symptoms on several hosts, legume host range, 
and some physical property values; but it cannot be completely identified with any 
one of these variants.

It is therefore described here as a possible new strain and nam ed bean necrotic 
speckle virus.
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BEAN YEL LO W  M O SA IC  VIRUS

This virus is com m on on naturally infected Lupinus albus and L. angustifolius, in 
the Western Province. It has therefore been described in the paper on lupin virus 
diseases.

BEAN YELLOW M O SA IC  VIRUS, NECROTIC STRAIN

This strain was found on naturally infected Lathyrus odoratus in Pretoria and 
district. It is described under sweet pea virus diseases.

L U PIN  VIRUS B

This virus was also found on beans growing near various species o f Lupinus in 
the W estern Province. Details are given in the paper on lupin virus diseases.

In the field the symptoms are mild—only a chlorotic mottle and slight crinkling 
o f the leaves.

PEA WILT VIRUS STRAIN

In an experimental plot o f Kentucky W onder beans in the Rustenburg area, many 
plants showed vivid yellow spots on the leaves. There was also m ottling, veinbanding 
and puckering, and the plants were stunted. This virus is described under pea virus 
diseases.

S u m m a r y

Details are given o f bean virus diseases in South Africa, viz. four viruses and their 
several variants, and one virus complex. M ention is also made of a further two viruses 
and two strains, which have been described under other headings.

(a) Bean mosaic virus—the presence o f this virus was confirmed.
(b) Bean mosaic virus strain—about 12 per cent seed transm ission in the variety 

C anadian W onder of unknown origin. Differs from the type virus in having a wider 
host range; and thermal inactivation point o f 60-62 C., and longevity in vitro o f 2-3 
days.

(c) Bean chlorotic ringspot virus with four strains—probably related to the tobacco 
ringspot group. As the name suggests, this virus causes distinct ringspot patterns on 
the inoculated leaves o f bean. It was isolated from Crotalaria juncea. Erythrina caffra, 
Glycine m ax  and Voandzeia subterranea. The strains withstand heating to between 
56-62 C., ageing between one and four days and dilutions of between 1:1000-1; 10.000.

{d) Bean local chlorosis virus and seven variants—isolated from  species o f Crota
laria, Glycine, Lathyrus, Medicago, Phaseolus and Trifolium. The virus is named after 
the marked local chlorotic spotting on bean. The thermal inactivation points o f the 
strains vary between 56-65°C., the longevity in vitro is between one and four days 
and the dilution end points are between 1:1000 and 1:5000.

(e) Bean necrosis virus—isolated from Crotalaria spectabilis, Dolichos lablab and 
Glycine javaniea. A lthough the symptoms on the original host plants are mild, on 
bean there is a lethal necrosis. The virus is inactivated at tem peratures o f 65-70 'C ., 
after 6-7 days ageing, and at dilutions o f between 1:5000-1:10,000. The relationship 
o f this virus to others is uncertain.

( / )  Bean virus complex. With isolates from Phaseolus vulgaris, Crotalaria specta
bilis and Glycine javaniea, two distinct local reactions developed on bean. One com 
ponent was identified as a variant o f the bean local chlorosis virus, and the other was 
named bean necrotic speckle virus. The latter is probably related to the lucerne mosaic 
virus group. For both com ponents the therm al inactivation point is between 60-64cC., 
the longevity in vitro 2-3 days, and the dilution end point between 1:1000 and 1:5000.
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F ig . 1.— B ean M osaic V ir u s.
Phaseolus vulgaris vars.

A and B. Canadian W onder, from infected seed. A. Primary leaves. B. Trifoliate 
leaves. C. Long Tom. D. Idaho Refugee. E. Kentucky W onder. C -E . Artificial 
infection.

202909
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F ig . 2 .— B ean M osaic V iru s .

Phaseolus vulgaris var. Haricot, from infected seed.



F ig . 3.— 3 ean M osaic V irus S ir a in . 

Phaseolus vulgaris var. Canadian W onder.

A. From  infected seed. B. Artificial infection.



F ig . 4 .— Bean  C hlorotic R ingspot V ir u s .

Phaseolus vulgaris.
A. var. C anadian W onder, local lesions. B. var. Haricot, local lesions. C -E  var. 

Canadian W onder, systemic symptoms.



F ig . 5.— Bean^C hlorotic R ingspot V ir u s .

A. Crotalaria juncea. B. C. spectabilis. C. Voandze ia subterranea. D. Phaseolus 
acutifolius. E. P. lunatus. F  . Melilotus officinalis. G. Pod o f Phaseolus vulgaris var. 
Canadian W onder. H and I. Glycine max.
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F ig . 6 .— B e a n  L o c a l  C h lo ro sis  V ir u s .

A. Crotalaria juncea. B. Vicia faba. C and D. Phaseolus vulgaris var, C anadian 
W onder.
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F ig . 7 .— Bean N ecrosis V ir u s .

A. Phaseolus vulgaris var. Canadian W onder, systemic necrosis. B. Melilotus 
officinalis. C. Phaseolus lunatus. D. Trifolium hybridum. E. Phaseolus vulgaris var. 
Canadian W onder, local reaction.
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F ig . 8 .— B e a n  V ir u s  C o m pl e x .

A -C . Phaseolus vulgaris. A. var. Canadian W onder, local reaction with the 
complex. B. Pods of var. Canadian W onder. C. var. Haricot, local lesions with the 
bean necrotic speckle virus. D. Glycine max. E. Vigna sesquipedalis.




