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INTRODUCTION

Legume virus diseases occur on wherever
legumes are grown. These diseases cause a great
amount of damage, especially in North America,
where they have been the subject of intensive
study for close on 50 years (REpDICK and StTE-
wART 1919, Errior 1921, DoorrrTLE and JONES
1925, etc.). In New Zealand and Australia, leg-
ume viruses have attracted attention for about
three decades (CHAMBERLAIN 1936, ATTKEN and
GRrIEVE 1943, etc.). In BEurope the first informa-
tion on the occurrence of legume virus diseases
dates back to the 1920s (BoniNG 1927, VAN DR
MEeuren 1928, Merxer 1929), but in many

countries their importance and distribution have
only been subjected to thorough analysis during
the last ten years.

Research on legume viruses has been carried
out in Finland since 1962, both at the Department
of Plant Pathology of the University of Helsinki
(Raminko 1964) and at the Department of Plant
Pathology of the Agricultural Research Centre
(Tar10 1964). Since 1966, research in this subject
at the latter department has also included legume
virus diseases occurring on legumes, especially
on red clover, in the Scandinavian countries
too.

MATERIAL AND METHODS

Material observed and tested

Observations have been made on legumes in
experimental fields and farms since 1962. These
observations have been made regularly at the
Agricultural Research Centre in Tikkurila, for
a number of years at the Viikki experimental
‘farm of the University of Helsinki and the experi-
mental farm Anttila of the Hankkija Plant
Breeding Institute, and in 1963 and 1965 at
several experimental stations and farms during
excursions to vatious parts of Finland. Samples
(some 200) of plants with virus disease were
taken for testing and examination in greater
detail. About half the samples were of red clover,
20 9%, of alsike clover, 20 %, of pea plants, and
the remainder of other legumes. Samples of
aphids, mainly pea aphids (Acyrehosiphon pisum
Harris), were also gathered from legumes in

more than 20 localities, so that an analysis
might be made of theit capacity to transmit
viruses.

In summer 1963, samples were received from
the Svalév plant breeding centre of the Swedish
diseased
alsike clover from which the viruses were iso-
lated and examined. In the following year the
author made observations at the Svalév experi-
mental fields and gathered additional samples
from various legumes. At the turn of July—

Seed Association containing virus

August an excursion was made to Sweden,
Norway and Denmark to make observations
and gather samples. Legume plots were examined
at 21 rescarch centres and experimental stations,
and numerous legume fields were examined along
the route, a distance of almost 5 000 kilomettes.
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Fig. 1. Origin of legume samples collected in Finland and in the Scandinavian countries
Kuva 1. Palkokasviniytteiden kernnpaikat Suomessa ja Skandinavian maissa

BYMYV bean yellow mosaic virus, PMV pea mosaic virus, BCMV bean common mosaic virus, WCMV

white clover mosaic virus,

WCMV/CYMYV white clover mosaic virus-isolate,

AMY alfalfa mosaic virus

BBSV broad bean stain virus, phyllody, white clover phyllody.

The samples gathered (192) were sent to Tikku-
rila for testing and examination at the Depart-
ment of Plant Pathology. Of the samples, 30 9,
were red clover, 17 9, alsike clover, 23 9, white
clover, 13 9, lucerne, 14 9, pea plants and 13 9
others. In Denmark the proportion of white

clover was higher than elsewhere, and in Den-
mark and southern Sweden lucerne also formed
a larger percentage of the samples than was the
case farther north. In summer 1967, the author
made supplementary observations in Denmark
in connection with a congress trip.

Testing with indicator plants

The species of virus can usually not be identi-
fied in clover from the symptoms of the disease.
The symptoms caused by various viruses tends to
be very similar, while a single species of virusmay
cause varying complexes of symptoms (Fig. 2, p.
22) even in a single variety of clover, owing to the
fact that clover is heterozygous. Consequently, in
order to get an overall picture of the disease caused
by the virus investigated it is imperative that test
plants, i.e. indicator plants, should be used.

The most important species and varieties of
test plants used in the present study were:
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pea (Pisum sativam 1.) English Sword, Aikainen matala
(»Early low») and Onward,

French bean (Phaseolus vulgaris L.) Express, Konserva IT
Wb and Cita Hg,

broad bean (Vicia faba L.) Pithonen, (Hangdown),

alsike clover (Trifolium hybridum L.) Tammisto alsike
clover and Iso-alsike,

red clovet (Trifolium pratense L.) Tammisto red clover
and Tepa.

These varieties differ from those recommended
by Bos, HAGEDORN and Quantz (1960), as the
latter were not so readily available as those



listed. English Sword is susceptible to all the
legume viruses studied, and, being of luxuriant
growth, it serves as an excellent source of viruses.
Aikainen matala is also susceptible, and on ac-
count of its low growth it is suitable for aphid
transmission tests. Onward has proved to be
resistant to bean yellow mosaic virus, including
pea mosaic virus, and susceptible to the other
vituses used in these experiments, thus making
it possible to separate the latter from the former
in virus complexes (p. 83). Express and Konser-
va, without reacting too violently to bean yellow
mosaic virus, clearly reveal most of the viruses
studied, and these can consequently be purified
from them. Cita is extremely susceptible to pea
mosaic virus, this not being the case with many
bean varieties (cf. p. 29 and Table 7). In addition
to the above, a bean variety completely resistant
to pea mosaic, such as Prelude or Processor,
should be selected as an indicator plant (cf. p. 8).
The Pirhonen broad bean is quickly and easily
infected by most legume viruses, but as this
variety is not yet available except from the
Swedish Seed Association at Svalév, the fairly
virus-resistant variety Hangdown, available from
seedsmen, was used in some of the experiments.
Additionally, the virus resistance of several other
species and varieties of legume were tested
during the study. Apart from legumes, the study
also included various other test plants, such as
Chenopodium amaranticolor Costa & Reyn., C.
guinoa Willd., Gomphrena globosa L., Nicotiana
glutinosa L., N. tabacum L. and Petunia hybrida
L. The snapdragon (Anthirrinum majus L.) was
also used as a test plant when viruses of the white
clover mosaic virus group were being studied.

Usually, pea, bean and broad bean were planted
in lots of 5—6 seeds per 5” pot and 3 per 3 15"
pot. Clover was first planted in multipots and
then pricked out singly in pots.

Sap inoculation was done by rubbing some
of the leaves (2—4) of the test plant lightly with
a finger moistened in virus-infected sap. Towards
the end of the study, when it was found laborious
to wash the finger clean, especially in the case of
white clover mosaic virus (cf. p. 71), the rubbing
was done with cottonwool swabs on match-
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sticks. ‘The sap extracted from the virus-infected
plants was diluted to c. 10 - with a phosphate
buffer (Sorensen 0.1 M KH,PO, + Na,HPO,,
pH 7.0). Experiments were made with a pressure
spray to speed up the inoculation of large num-
bets of plants in field trials. The sap pressed out
of virus-infected plants was diluted with a phos-
phate buffer to 1 : 20, into which was mixed 5 g
of carborundum per 100 ml. A pressure of 5
atmospheres (5 kg/cm?) was used in spraying at
a distance of c. 10 cm.

Some of the virus-infected plants, with roots,
were transferred to a greenhouse, and trans-
missions by graft and aphid were made from
them in addition to the sap inoculations (p. 85).

In studies on the susceptibilities of the legume
vatieties, most of the tests wete made in the
greenhouse, virus inoculation by leaf rubbing
being carried out on 5—15 of the pea plants, of
the bean plants and of the broad bean plaats in
pots, and on 100 of each variety of clover in
multipots. On clover some of the susceptibility
tests were made by the aphid transmission
method, the multipot strips being put into insect-
proof cages where 2 aphids that had been sucking
virus-infected plants for c. 5 minutes were trans-
ferred to each clover plant. Further, in the variety
trials in the ficld, observations were made on
virus infections in pea plants and clover that had
been contaminated by aphid transmission from
virus-diseased legumes growing in the vicinity.

Not only the species and variety of the plant,
but also the age of the plant, the time elapsed
since infection and the conditions of growth
have an influence on the success of infection,
the severity of the symptoms and the virus con-
tent of the plant. An attempt was made to take
these factors into consideration. The plants were
inoculated at the same age according to species,
the pea plants at 10 days, French beans at 9 days
and broad beans at 11 days subsequent to sowing.
In the case of most of the viruses, the plants for
purification and serological tests were harvested
2—3 weeks after inoculation, the time at which
the vitus content was found to be at its highest
(cf. p. 42, Table 21) with certain exceptions
(cf. PMV 3, p. 42, and AMV, p. 73).



Greenhouse growth conditions

Regulation of humidity and heat in the green-
house was semiautomatic. In the period Octobet-
March the mean of daily temperature was 28.8° C
(18.0—25.5° C), mean of daily minima 15.3°C
and maxima 28.0° C. The variations were greater
in April—September. The mean of daily tem-
perature was then 25.0°C (20.0—29.0° C), of
minima 15.9° C (10—21° C) and maxima 34.2° C
(28—42° C). A high temperature was not found
to have a harmful effect on the growth and
infection of the test legumes, although the symp-
toms caused by some of the viruses, such as the
broad bean stain virus (p. 80), were then fairly
mild. The rearing of the aphids and some of
the experiments took place in small compart-
ments in the greenhouse, the temperature being
prevented from rising to a harmful level in
summer by the use of an automatic cooling
system. The mean of daily tempetature in these
compartments during the winter months was
20.6°C (17—24° C) and during the summer
months 21.2° C (18—25° C), the minima being
15.0°C (8—20°C) and 16.2°C (11—19°C) re-
spectively, and of the maxima being 26.1°C
(23—30°C) and 26.2°C (23—30°C) respectively.
The humidity was regulated by automatic hu-
midifiers, and was 70 9, (45—96 %) in winter
and 77 %, (55—98 %,) in summer. Light proved
to be a minimum factor. In the dark seasons the

light were mercury vapour lamps (Osram HQL
400 W/R, one lamp per 0.9 m?2). These were
switched on in September—April in the early
morning and in the evening to provide the plants
with 17 hours of light per day. When the lamps
were on, the amount of light at plant level, i.e.
c. 20 cm above tabletop, was about 6 000 lux.
Particularly in midwinter this was not sufficient
to make up for the lack of daylight, especially for
the pea plants, which were then frail and slender
and showed only slight virus symptoms. With
another type of mercury vapour lamp (Phillips
HLRG 400 W), which is known to be very
suitable for tomatoes, the peas were found to be
even less robust and the leaves were small and
malformed. The other test plants developed well
even in these conditions.

An effort was made to obtain growth soil of
even quality. Two-thirds of the mixture used
was medium fine sand, and one-third was mill-
peat, and the soil was fertilized according to
indications provided by the results of analyses.
The basic fertilizer mixed into the soil did not
contain nitrogen. Watering with a liquid fertilizer
containing all the principal and trace nutrients
was done once a week. All the plants apart from
those reserved for aphid rearings and tests were
sprayed with an insecticide (Shell Phosdrin) each
week.

Morphological characteristics of the viruses

The shapes and siges of the viruses were deter-
mined by electron microscopy at the Department
of Electron Microscopy of the University of
Helsinki initially with a Siemens Elmiskop I
and afterwards with a Philips EM 200 exclu-
sively. With the former the primary magnifi-
cations were 20 000—60 000, and with the
latter 5700—33 500. Measurements of the virus
specimens wete made from enlargements 4—6x,
the long viruses being then measured with a
map meter (Curvimeétre HB, Paris). The lengths
were compared with polystyrene latex sphetes
of a standard diameter of 264 mp.
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- The electron microscope preparations were
chiefly made according to two different methods.
The spraying of a purified virus suspension with
an addition of a 1 9%, phosphorus tungsten acid
(PTA) 1:1 (BrENNER and HornE 1958) on to a
grid was suitable for spherical viruses. But the
length of elongated viruses could not be meas-
ured from preparations made in the above man-
ner, for the virus particles would then break and
the ends adhere (cf. BRANDES and Paur 1957).
To photograph these, the Branbes (1957) dip
method was employed. It proved to be a good
method for the depiction of rather short elon-



gated viruses, such as the white clover mosaic
virus, which occur on plants in great concen-
tration. Long flexible, elongated viruses such
as the bean yellow mosaic virus, however, could
not easily be got on to the grid in numbers
sufficient for measurements to be made. Towards
the end of the study the BecrrUP (1968) cut
squeeze method was tried, and, like the dip
_method, it proved to be of use in photographing

and measuring elongated viruses. The number
of virus particles was satisfactory, and there
were few impurities. The virus-infected leaf was
carefully crushed, and a drop of sap was pressed
out of it between two glass slides into 1 ml of
0.9 9, PTA solution (pH 6.8). A drop of virus

" suspension was placed on the grid or the virus

suspension was sprayed on to it, where it was
allowed to dry.

Physical characteristics of the viruses

The thermal end point of the viruses was deter-
mined according to normal procedures by
diluting the pressed sap of the virus-infected
plant to 1:5 or 1: 10 in distilled water, heating
it in a watet bath for 10 minutes and then cooling
it rapidly. The temperatures were initially 45—
70°C with intervals of 5°C, and later 54—64°C
with 2°C intervals. Subsequently, sap inocula-
tions were made to 15 test plants of pea, of bean
ot of broad bean and/or 20 half-leaves of Chenopo-
dinm amaranticolor. In addition, tests were made
of the retention of the infectivity of the viruses
in vitro in expressed sap at room temperature
(app. +22°C), in refrigerated sap (+4°C) and in
deep-frozen plants (—20°C).

"T'he dilution end point of the viruses, i.c. the retent-
ion of infectivity at various levels of dilution, was
determined as uniformlyas possible for the vatious
viruses in.order to produce compatible results.

The viruses were first transmitted to 10-day-
old plants of Pithonen broad bean (Vicia faba),
and exactly 2 weeks after inoculation sap was
expressed from them and diluted with tap water
and, for the comparison tests, with phosphate
buffer, and was then immediately inoculated in-
to 10-day-old Pirhonen broad beans, at every
dilution into 3 pots with 5—6 plants each. In
the case of bean yellow mosaic virus isolates,
pea (vat. English Sword), French bean (var.
Konserva) and Chenopodium amaranticolor were
also used as test plants.

Serological tests

The antisera against eight different species ot
isolates of legume virus were prepared at the
State Serum Institute. The bean yellow mosaic
virus isolates BYMV and PMV 1 were purified
for the preparation of antisera from virus-
infected pea sap by the heat and differential
centrifugation method. Mixed with Freund’s
adjuvant (1 : 1), the virus suspension was injected
into rabbits four times intravenously and twice
intramusculatly, a total of 22 ml of each isolate.
The plasma was extracted 10 days after the final
injection and was then centrifuged. In preparing

the antisera against alfalfa mosaic virus (AMV
-N63), white clover mosaic virus strains (WCMV
-N44, WCMV/CYMV-N18 and -N55) and
broad bean stain virus (BBSV-N14 and -N39),
the viruses were purified from broad bean by the
ether-carbon tetrachloride method. The con-
centrated virus suspensions were injected into
rabbits intramuscularly 2—3 times, each dose
being 2 ml mixed with an identical quantity of
Freund’s adjuvant. To secure permanence, 50%
glycerine was added to all the antisera prepared
and they were stored in freezers at —18°C.

11



Further, antisera against the following viruses
were obtained from tesearch centres abroad:

bean yellow mosaic virus (AS/BYMV-D), Brunswick,
W. Germany

white clover mosaic virus (AS/WCMV-D), Brunswick,

W. Germany

clover yellow mosaic virus (AS/CYMYV-D), Bruns-
wick, W. Germany

red clover mottle virus (AS/RCMV-D), Brunswick,
W. Germany

broad bean mottle vitus (AS/BBMV-D), Brunswick,
W. Germany

broad bean true mosaic virus (BBTMV-D), Bruns-
wick, W. Getmany

pea streak virus (PSV-D), Brunswick, W. Getmany

red clover mottle virus (AS/RCMV-H), Wageningen,
Holland .

alfalfa mosaic virus (AS/AMV-H), Wageningen,
Holland

white clover mosaic virus (AS/WCMYV-C), Vancouver,
B. C., Canada

clover yellow mosaic virus (AS/CYMV-C), Vancouver,
B. C., Canada

broad bean stain virus (AS]BBSV-E), Rothamsted,
England

The serological fests were catried out by the
agglutination, agar-gel-diffusion and precipita-
tion methods. In the agglutination tests (cf. van
SLOGTEREN 1954 a), comparison was first made
of the effects of a saline additive on the precipita-
tion of antigen and antiserum. The agglutination
tests were made on the basis of the results ob-
tained, a drop of sap expressed from the plant
examined being first mixed with a drop of
saline and then with a drop of antiserum-

Purification

For purification of the legume viruses studied,
several different methods were tried:

the ether-carbon tetrachloride method (WerTER 1960)
the chloroform-butanol method (STEERE 1956)

the freezing and 3 % K,HPO, method (Kn1GuT 1963)

12

glycetine mixture undiluted or diluted with
saline (physiological sodium chloride solution)
to 1:4.

Besides the agglutination method, use was
also made of the agar-gel-diffusion method (a plate
test of Ouchterlony) (van SLOGTEREN 1954 a).
In most of the tests buffered saline precipitated
with iron agar was used, merthiolate being added
for permanence. Mercury, however, prevents
the formation of a precipitation line in some
viruses (TREMAINE and WirrisoN 1962, Koenic
and Jankurowa 1968), and since summer 1968
sodium azide has been used as a preservative in
place of it, for sodium azide has no reaction-
inhibiting effect.

In the more accurate serological tests the
precipitation fests were initially made in test-tubes
in a waterbath (MarraEws 1957). This method
was an accurate one, but required a large amount
of antisera and virus suspensions. For this
reason, exclusive use was gradually adopted of
the van SroGTeEREN (1954 b) microprecipitation
method, which is less wasteful and faster. It is,
slightly less accurate, however, for the titre
reading is generally one degree (of the 2nd
power) lower than in test-tube precipitation tests.

Towards the end of the study, experiments
were made on the suitability of the bentouite
Sfloccnlation test, latex tests (Bercks 1967) and
Dpassive haemagglutination test (ABU SALIH et al.
1968) for legume virus studies. At the State
Serum Institute the author was introduced to
the complement fixation method regularly used in
human virology, and this method was then used
for some tests on white clover mosaic virus and
broad bean stain virus.

of viruses

the polyethylene glycol method (Hersert 1963,
VENEKAMP and Moscu 1964)

the heating (10 min. 45°C) method (StEERE and
Wirrrams 1948)

the ammonium sulphate method (Kassanis 1955,
StEERE 1959)

the 8 9%, butanol method (Tomrinson et al. 1959)
the ether method,



all of which are combined with a shorter or
longer differential centrifugation. An MSE 40
centrifuge was employed for the ceritrifugati(;n,
and the low-speed centrifugations were done
with a Segurita BHG 1100 centrifuge. Mostly,
the ether-carbon tetrachloride purification meth-
od was used for elongated viruses, and the
chloroform-butanol method for spherical viruses
The pellet obtained in the last high-speed cen-
trifugation was resuspended in 10 ml of phos-
phate buffer per 100 g of original leaf pulp.

The suitability of various plant species for the
production of bean yellow mosaic virus Was analysed
by precipitation tests. Equal amounts of leaf pulp
were collectéd from plants.inoculated at the same
time with the same virus suspension, and to their
virus pellets, which were separated by the ethet-
carbon tetrachloride method, was added 1 ml of
distilled water per 10 g of original virus-infected
plant pulp. Of the virus suspensions obtained,
dilutions were made with physiological saline
solution for the serological tests.

Determinations of virus content of plant organs

The bean yellow mosaic virus contents of the
various organs of the pea plant were studied on
English Sword pea inoculated with pea mosaic
virus PMV 1. Leaf-blades, petioles, stems and
washed roots were separately gathered 2 weeks
after the pea plants had been inoculated at 10
days of age. Bach of the 1—10-2 dilutions of sap
expressed from the plant organs was inoculated
into 4—5 plants. The rest of the plant organs
were divided into 3 lots of equal weight. These

were purified by 3 different methods: a) 3 %
K,HPO, 4 differential centrifugation, b) ether-
carbon tetrachloride, and c) chloroform-butanol.
After the last highspeed centrifugation, phos-
phate buffer was added to the pellet in a quantity
of 1 ml per 10 g of virus-infected plant
pulp. From the preparations (vitus suspensions)
thus obtained, the dilution setries 10-1—10-%
were made and inoculated into the test pea
plants.

Translocation and increase of virus within plants

To study the translocation and increase of pea
mosaic virus within pea plants an inoculated leaf
was removed 6 h., 12 h., and 1, 2, 3, 4, 5, 6 days
subsequent to inoculation from an English
Sword plant infected with bean yellow mosaic
virus PMV 1, and the infection of the pea plant

was kept under observation. Concurrently, and
likewise 6 hours — 6 days after the first inocu-
lation, new pea plants were inoculated with sap
expressed from the leaves removed and the leaf
pair above it, and the infection of these plants
were also observed.

Cross protection tests

In the cross protection tests performed with a
strain of bean yellow mosaic virus, plants infected
with one isolate were inoculated with another
isolate 2, 7,10 and 12 days later. To check the test
results, back inoculations were made to English

Sword pea and Express bean 10 days later. In
the cross protection tests performed with white
clover mosaic virus isolates, the second in-
oculation was made 7 and 14 days after the
first.
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Avoidance of virus contamination in tests

White clover mosaic vitus occurs in high
concentration and spreads rapidly, and, when
the sap inoculations were being made, it was
thought to be of value to test whether infective
virus remains on the hands after washing (p. 70).
Comparisons were made between the effects of

washing for 1, 3 or 5 minutes and the effects of
cold and warm water, soap and 0.5, 1, 3 and 5 %
trisodium phosphate (N2,PO,) solutions. Thelea-
ves of the test plants were rubbed with wet washed
hands. For comparison, a similar test on a small
scale was made with bean yellow mosaic virus.

Aphid transmissions

The aphids used for the test transmissions in
the study were all progeny of a single specimen.
They were reared on potted plants covered with
polyvinylchloride cylinders that were covered
with terylene at the top and at the ventilation
apertures. The aphids were removed with a small

brush to plastic or glass jars with mesh lids for
2—5 hours of starvation. They were removed
from these to the test plants for feeding periods
of varying duration and then to experimental
plants where they were killed with phosdrin
spray after a set time (1 hour or 24 hours).

Spread of viruses in nature

The natural spread of viruses was observed at
Tikkurila both in clover spaced plantings and
in clover leys. In 1965 and 1966, observations of
greater accuracy were made on pea plant strips;
the test plots at one end of the strip were inocu-
lated with the bean yellow mosaic virus strain
PMYV 1, while the plots at the other end were

inoculated with the strain BYMYV. As it is easy

to differentiate the symptoms caused in pea
by the respective strain, it could be seen
from which end the infection came. The 1965
test site was 40 m long, and there were dis-
tances of 5 m between the 1 m? observation
plots; while the 1966 site was 90 m long and
the observations were made at intervals of
10 m.

Effects of virus infections on legume yields

In 1963—65, experiments were made both in
boxes in the greenhouse and in plots protected
with insect proof cages in the field to clarify the
effects of the bean yellow mosaic virus strains
BYMV, PMV 1 and PMV 2 on red clover and
the effects of the strains BYMV, - PMV 1 and
PMYV 3 on the fresh yields of alsike clover. The
test varieties were Tammisto red clover and
Tammisto alsike clover. The test plants (4 X 25
of either variety) were inoculated at the 5-leaf
stage by rubbing the leaves with sap, because
spray inoculation did not prove to be effective
enough (cf. p. 45). In the field trials, which were
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more extensive, the plots were chosen at random
in a clover ley and were each 4 m? in experiments
T and IT and 2 m? in experiment III. In 1965—
1967, the effects of bean yellow mosaic virus strains
on the yields of pea were studied in the field,
where plots of 1—5 m? were marked off from
a vegetation of Riitto pea plants measuring 8—
10 ares. The number of replicates was 4—5. The
pea plants were inoculated with the isolates
BYMYV and PMV 1 one month after sowing on
some plots and 2 months after sowing on others.
The .crop was harvested when the peas wete
ripe.



The effects of white clovet mosaic virus strains
on white clover yields wetre studied in tests in
boxes in the greenhouse. ‘The varieties used were
Kivi and Tammisto white clover.

The effects of bean yellow mosaic virus
(BYMV) and bean common mosaic virus
(BCMV) on bean yield were studied in field trials
in 1966—1967. The plots were 5 m long and

Statistical

The standard error of the mean was calculated
for the lengths of the virus particles. The signif-
icance of the differences between the various
treatments was calculated either by variance

consisted of 2 rows (= 10 metres of row), and
the number of replicates was 4—5. The trials
comparised 4 bean varieties, i.e. Express, Kon-
serva, Notdstjirnan and Record. The bean pods
were gathered when mature, at intervals of about
3 days. The beans grew well in 1966, but the
following summer their germination and growth
was somewhat hindered by dry weather.

calculations

analysis or by y2 test (MuprA 1958). In the aphid
experiments the significance of the differences

‘was further examined by the Tukey-Hartley

method (SnxEDpECOR 1959).

SPREAD OF LEGUME VIRUS DISEASES IN FINLAND

Clovets

Virus-diseased specimens of clover were ob-
served in the fields of the Agricultural Research
Centre at Tikkurila towards the end of the 1950s.
In the following years they were found to occur
in abundance in tests conducted by the Depart-
ment of Plant Husbandry, especially in spaced
planting trials on clover where most of the crop
was grown from seed imported from the United
States and Canada. Of these, 1—3 generations had
been grown over there from stock seed produced
in Finland (VaALLE and Hrtvora 1962). During the
course of the trials the seedlings were examined
individually for virus infection in 1962—1965
(Table 1). Diseases wete most prevalent in 1962
and 1963, when trials in sandy soil showed that
all the alsike clover plants and 75 9, of the red
clover plants had virus infection (table 2). Nearly
10 9%, of the red clover plants showed symptoms
of necrosis. Such plants died about one month
after infection. The red clover grown from seed
produced in the United States had a slightly
higher virus infection rate than the other clovers,
but when the results of the various tests were
averaged, there was no difference in the preva-
lence of virus between ctops grown from
Canadian or Finnish seed (Table 2).

In the fields surrounding the experimental
plots virus infection was concurrently found in
0—20 9%, of the clover, depending on the site of
the crop and the provenance of the seed. In the
early years of the study, hardly any virus-in-
fected clover was found in clover leys more than
500 m distant from the plots in which the virus-
infected legumes grew. In summer 1966, how-
ever, numerous virus-infected specimens (c.
159,) were found in a one-year clover ley
situated 2 km from the experimental field area.
The combined residue of the North American
seed samples had been used for seed there. The
same observation was made in summer 1967
in another one-year clover ley where imp-
seed had been used. Virus-infected
clover has been found in increasing abund-

orted

ance in the last 2 years in fields within a radius
of approximately 1 km from the experimental
fields.

Virus-infected red and alsike clover plants
have been found in relatively high frequency
according to obsetvations by Raminko (1964)
and also by the author, in the fields of the Uni-
versity of Helsinki, Department of Plant Hus-
bandry at Viikki, both in trial plots and in imme-
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diately adjacent crops. Symptoms reminiscent
of phyllody have also been observed in white
clover there.

At the Anttila experimental farm of the Hank-
kija Plant Breeding Institute at Tuusula, 1—10 %,
of the red clover specimens were found in trials
to be infected with virus.

In examinations made at the Depattment
of Plant Breeding of the Agricultural Research
Centre at Jokioinen, no virus-infected clover
specimens were found. There were individual
specimens of lucerne with symptoms reminiscent
of those of alfalfa mosaic.

According to Rammko (1964) and Mr. A.
SaroNEN (of the University of Helsinki, De-
partment of Plant Pathology, oral communi-
cation), virus disease has been found on clover

as far north as the Muddusniemi experimental
farm at Inari (69°5°N), but only on plots where
the seed was of North American provenance.

In the summers of 1963 and 1965, four tours
were made in southern and central Finland,
during which observations were made of virus-
infections and aphids on legumes in about 200
cultivations. A few virus-infected specimens
were then found in 4 clover leys in western Uusi-
maa, in 1 clover ley at Kuhmoinen in central
Finland and in 2 clover leys, at Mikkeli and at
Joroinen, in south Savo. The most important
legume-virus vectors, pea aphids, both red
and green stocks, occurred in fair abundance
on all the fields observed, even at Kyyjirvi
(63°2’N), the northernmost destination on the
tours.

Other legumes

During the obsetvation years there was a
large amount of other legumes such as pea, bean,
broad bean, yellow lupin, vetch, sweet clover and
lucerne that had become infected in the experi-
mental fields at Tikkurila near the virus-infected
clover. In the various years the prevalence of
virus-infected pea plants among 8 varieties (500
plants each) susceptible to bean yellow mosaic
virus was on average as follows:

Year 1962 1966 1963 1965 1964

Infection % .... 12.8 10.9 4.4 2.3 1.6
Significance of

difference by

K% test ....... 5.6%  139.8%kk 71 8%k 6,0%

The extent of virus infection in the pea plants
varied primarily with the proximity of the plots

to the virus-infected clover. In 1963, for instance,
when the clover was heavily infected there were
not many virus-diseased specimens in the pea
trials, which that year were situated about 300 m
from the clover with a forest stand in between.
But in 1962 and 1966, when the pea and the
clover trials were only about 50 m from each
other, there was rather a lot of virus disease.

Variation of virus infection in bean plants in
observations, trials and in privately-owned crops
was 0—50 %,. In most of the cases of infection
the seed used was already infected with seed-
borne bean mosaic virus. Bean plants infected
with bean yellow mosaic virus were also found
in trials at Tikkurila and in some other bean
cultivations. In the experimental field infected
clover was the source of contamination.

OCCURRENCE OF LEGUME VIRUS DISEASES IN THE
SCANDINAVIAN COUNTRIES

A lot of virus disease occurred on legumes in
experimental fields in all the Scandinavian coun-
tries (Table 3, Fig. 1). Virus infections caused by
several different species of virus were found

3 553270

primarily in the fields of large breeding and
research establishments, e.g. at the Svaldf plant
breeding centre of the Swedish Seed Association,
the Weibullsholm plant breeding centre at
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Table 3. The occurrence of legume viruses in the Scandinavian countties according to observations
made in summer 1966

Taulukko 3. Palkokasviviroosien esiintyminen Skandinavian maissa kesdlli 1966 suoritettujen havaintojen perusteella

Host — Isintikasvi Vitus isolates—Virusisolaatit Total
T, Slel lelel8] sl 2 | 53l slg i
ocality N s 23'53'5'5 S R > %.@us .-S-SEE;:?
Maa NEEIMNHHE R YN AR R R R Rk
Paikkaksnta*) SRS 8 s |5 8lglnl 21212181812/ 8|8 | B38| 65|28
S| SIS |FIR|E[R] & |~|~|®|7 |5 B2 & |23 28%3
SIS SIEIET R o S8 7=|58
& ~ B = N
FINLAND - SUOMI
Tikkurila .......... A ] | ] + = = = =) =] 4| +2
Viikki ... e I o e B o e + | === = = =) =] 2|1
Tuusula ........... + === === + |+ === — =] = —| —] 2 | —
Jokioinen ......... 010|0|+|—|—|— — — == === ()| —| =] =] — —1
Muddusniemi ...... (B —|~—|—|—|—| —|—| —| ()|~ = —| —| —| —| —| —| —| — —1
SWEDEN-RUOTSI
Ultuna ............ | === == == | === == +| =] —| —| —] 2
Linkoping ......... == | = = = =] 4|+
Skara ... ...l A==~ === + === — —| =) —] 1| +1
Kalmar ........... O | —|—|—|—|+|+|+|—| +|—|—|+—|—] —| +| —| —=| —| 3 | —
Svaldv .....i.uunnn + || ] ] ] = =) =] 5| 1
Weibullsholm .. .... T+ === ] = )] =] | 4] 2
Skane (field — pelte) | + | —| —| +|—|—I—|—|—| +|——|—|—|—] — —|(+) — 1| +1
DENMARK —
TANSKA
Shetland — Sjallanti
Téstrup ...ovvnen.. + | — === === + ===+~ — —] =] =] —| 2 | —
Havdrup .......... === === ===+ -] =] =] —| = = 2 | —
Tystofte, .......... 0100 — —f —| — —| - —|—| | —=|—| - —] —| —| —| —
Funen — Fyen ......
Risinge (pasture —
laidun) .......... —_ | | ==~ =] =~ — |~ —|—| +|— —| — —| —| —| 1| —
Odense ........... 0| +|+|—|—+|—|—|—| —|—|—|+|—|—| —| = —| —| ()] 1| +1
Jutland — [yllanti
Bérkop ........... | === ===~ + | ===+~ —| =] —| =] =] 2 | —
Skodborg (pasture —
laidun) .......... —_ = === === === == =] = = +| =] 1| =
Esbjerg ........... —_ === || == ===+~ —| = = —| —] 1 | —
Holsterbo-Silkeborg
(pastute — laidun) | — | —| +| —| —| —| —| —| —| —|—|—| | —]—| —| —| —| +| —] 1 | —
Skive ............. 0! —| 0] —| —| —| —| —{ —| —|—|—|—|——| —| —| —| —| —
Rye (field—pelto) .. | + | —| 4| —|—| —|—| - —| —|——|——+| —| — () —| 1] +1
Hammel () + =+ = === == == ===+ = = = =] ]| 1|+
Langd ............ b A = =] === == === | =) +] =] 3| +1
Hadsten (field-pe/z0) — e | = == = ===~ = +| =] = = =] 1| —
Odum ............ ==+ === =] + === +]— =] =] =] =] —| 2| —
Astrup (wayside —
tienvarsi) ........ == === =] === == =] = —|(+)| — -1
Tylstrup .......... === === === === + = —| = = 1| —
NORWAY-NORJA
Larvik-Horten (field
pelto) ...l 0| —|—| —|—|—]—| -1 —| —|—|—~—]—]— —| —| —| —| —
As ..ol + | | ] ] A = — B — | 4| 42
Helletud .......... ol — = === ——| + = — === —| — —| —| — 1 | —
Bjotke ...... ... 00| —|—|—|—|——]—| —|—|—]—~—|—| —| —| —| —| —
Moystad .......... 0| 0|—|—|—|—|——|—| —1———|—|— —| —| —| —| —
1) experimental fields unless otherwise stated 1) kockentti, ellei toisin mainittn
-+ distinct symptoms of virus disease, or virus + = virustaudinoireet selvit tai viroottisuus todettn
infection ascertained by tests testaamalla
(4) = symptoms suggestive of virus disease; no (+) = virustaudin kaltaiset oireet; virdstestausta ei
virus test performed - suoritetty
0 = no virus-infected plants found 0 viroottisia kasveja ei havaittu

— = no observations

18

Il

ei havaintoja



Landskrona and at the Agricultural College of
Norway in Vollebekk. At these experimental
sites, as at the Agricultural Research Centre at
Tikkurila, the trials include both annual and
perennial legumes. Many legume viruses spread
with the seed of annual legumes and overwinter
in the perennial legumes, while during the
growing season they atre spread from one plant
to another by aphids. There were very high inci-
dences of virus disease caused by one or two
virus species in red and alsike clover in trial
fields at some stations in Denmark, e.g. at the
breeding centres Otofte and Trifolium. It should
be noted that annual legumes with seeds that
might carry several species of virus are not grown
at these experimental stations. The breeding of
annuals was located at experimental stations
(e.g. Spangsbjerg in Esbjerg) where no clover or
lucerne trials were catried out.

According both to observations made on the
tour and to information received, no damage of
any kind caused by virus disease occuts to legu-
me leys in Norway any more than in Finland.
Some amount of virus-infected lucerne and
clover was found in fields in Sweden, mainly in

Skane. In Denmark, white clover mosaic virus
in particular has spread in places in red and
alsike clover leys and in white clover pastutes to
such an extent that it can be assumed to decrease
yields. Estimation was made more difficult by
the fact that the virus disease in white clover was
often latent or produced only slight symptoms
(cf. p. 61). Due to the limited opportunities of
gathering samples, it was not possible to obtain
enough samples from these growths for the pur-
pose of testing. In Jutland, and especially in its
northern parts, there were high incidences of
phyllody in white clover. Because of this disease
the white clover was stunted and the production
of seed poor. In Denmark there were also a couple
of experimental stations with regions without a
singlelegume plant with symptons of virus disease.

“The amount of vitus infection in annual
legumes varied a great deal from one crop to
another. Seed-borne virus diseases were found
on bean, broad bean and pea in all the Scandina-
vian countries, but least in Denmark. Annual
legumes grown in the vicinity of perennial
legume growths contaminated with aphid-
borne viruses were heavily infected.

VIRUSES ISOLATED FROM LEGUMES

The present study was concerned with sap-
transmitted viruses isolated from gathered legume
samples. Some of these viruses proved to be
aphid-borne as well. A brief description is also
given of white clover phyllody, although it was
not possible to isolate the pathogen. Table 4
shows the percentages of the various viruses
in samples in the Scandinavian
countries (cf. Fig. 1). Viruses that infect not

collected

only annual legumes but also clover and lucerne,
in which they overwinter, have been placed
separately in a group of their own. The other
group also includes French bean samples, from
which, with a few exceptions, only bean common
mosaic virus was isolated, which had been carried
with seed to the place of growth and which
does not infect other commonly cultivated legu-

‘mes.

Bean yellow mosaic virus and bean common mosaic virus

In the course of reseatch bean yellow mosaic
virus and pea mosaic virus have proved to be diff-
erent strains of a single virus (pp. 37 and 44), as
pteviously shown by several workers (HAGE-

porN and WALKER 1950, GoopcHIiLD 1956,
ScHROEDER and PrRoOVVIDENTI 1966, and TAYLOR

-1968). The virus is called bean yellow mosaic

virus because this was the name used in 1920 by
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Table 4. The proportions (%) of various legume viruses in samples gathered in each of the Scandinavian countries
Taulukko 4. Eri palkokasvivirusten osuus (%) Skandinavian maissa kerdtyisti naytteistd

% of samples infected with viruses
virnksia %, niytteistd
Viruses infecting ley legumes (samples As the preceding, with the addition
Virus of clover, lucerne, pea, broad, bean, of: french bean samples i.nfec_ted
. vetch, lupin) with bean common mosaic virus
Virus Nurmipalkokasveja infektoivat virukset Edellisten lisiksi pavan mosaiikki-
(apils-, sinimdilas-, herne-, peltopapu-, virnksen infektoimat papuniyiieet
virna-, Iupiininiytteet) mukaan luettuna
Finland Sweden Norway | Denmark | Finland Sweden | Norway | Denmark
Suomi Ruotsi Norja Tanska Swomi Ruotsi Norja Tanska
Bean yellow mosaic virus (BYMV) —
Pavun  keltamosaiikkivirns ............ 8 6 12 — 8 5 9 —
Bean yellow mosaic virus (BYMYV) f. pea
mosaic virus (PMV) — Pavun keltamo-
saitkkivirus f. herneen mosaiikkivirus .. .. 92 67 88 18 88 63 73 16
White clover mosaic virus (WCMV-
isolates) — Valkoapilan  mosaiikkivirus
(WCMV -isolaatit) .......ccoouuiunn. —_ — — 47 —_— — e 42
White clover mosaic virus (WCMV/
CYMV-isolates) — Valkoapilan mosaiik-
kivirus (WCMV|CYMV -isolaatit) .. .. — 6 — 12 — 5 — 11
Alfalfa mosaic virus (AMV) — Sinimailasen
TROSAITRERIVIFUS . vt e i — 7 —_— 23 — 6 — 21
Broad bean stain vitus (BBSV) — Pelfo-
pavun siemenlaikkuvirus . .............. — 14 — — — 13 — —
Bean common mosaic virus (BCMV) —
Pavun mosaitkkivirus ... — — — — 4 8 18 10

McLArTY, who is regarded as the first to have
described the virus (ref. Bos 1964), although the
more thorough description of it in 1925 (Doo-
L1TTLE and JoNEs) relates chiefly to pea mosaic
virus. The name bean yellow mosaic vitus f. pea
mosaic virus would obviously be the proper and
accurate name for this virus but is inconvenient
because of its length. For this reason the name pea
mosaic virus, abbreviated PMV, will be used
here, as will of course the name bean yellow
mosaic virus, abbreviated BYMYV, for the main
species. )

Of the bean yellow mosaic virus strains studied,
actual BYMV isolate was isolated from red
clover at the experimental field of the Agricul-
tural Research Centre at Tikkurila. The pea
mosaic virus originated in peas grown for
testing in the vicinity of the red clover trials:
PMV 1 from English Sword pea, and PMV 2
from Lincoln pea. The proportions of bean
yellow mosaic virus strains similar to these iso-
lates were distributed in the (204) samples gath-
ered from virus-infected legumes, chiefly red and
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alsike clover, at Tikkurila, as follows: 8 9,
BYMYV, 66 % PMV 1 and 26 9, PMV 2. Similar
bean yellow mosaic virus strains, chiefly of type
PMV 1, were isolated from legume samples from
all the Scandinavian countries (Table 4). The
experiments also included the pea mosaic virus
isolate PMV 3, which originated from virus-
infected alsike clover sent by Dr. Julén from the
Svalév plant breeding centre of the Swedish
Seed Association. Virus of type PMV 3 was later
isolated from several legume samples gathered
at Svalév and from 2 samples of alsike clover
from the trials of the Link6ping branch of the
Swedish Seed Association. PMV 4, which was
included in some of the tests, was isolated from
clover grown in the trials of Government
Research on Plant Pathology at Lyngby and
originating at Bérkop in Jutland.

Bean common mosaic virus, which has been used
in virological research since 1919 (REppICK and
StEWART), could also be regarded as a strain of
the bean yellow mosaic virus in the light of
results of serological and cross-protection tests



(cf. pp. 37 and 44) and some physical charac-
teristics. If it were reckoned as being the same
species (cf. GROGAN and WALKER 1948), it would
have to be regarded as the main species, because
it was described earlier than was the bean yellow
mosaic virus (REpDICK and STEWART 1919). It
has, however, been held to be a species of its own
because of its smaller range of host plants and its
great facility of seed transmission. Here, bean
common mosaic virus and bean yellow mosaic
virus will be dealt with together in order to make
comparison easier. Among the isolates studied,
BCMV 1 was isolated from plants of the Kaiser
Wilhelm variety and BCMV 2 from one seedling
of the Hundred for one variety.

Symptoms and host plants

The symptoms caused by bean yellow mosaic
virus (BYMV) in our red clover (Trifolium
pratense L. var. Tammisto) were similar to those
in Kenland red clover as desribed by Diacrum
and HensoN (1956), and varied greatly in differ-
ent plant specimens. Usually, the leaf veins and
the surrounding cell tissue became pale and
yellow in streaks, which were either faint and
broken or wide and which twisted the leaf (Fig.
2 a). On the pale cell tissue of the leaf there
frequently occurred dark green and somewhat
thickened irregular lesions elongated in the
direction of the veins (Fig. 2 b). In some plants
(5—109%,) bean yellow mosaic virus strains
caused necrotic brown spots, ring spots, streaks
and top necrosis, killing the plant with in about
one month after infection. Three red clover
clones were selected for continuous testing. Red
clover clone I showed vein yellowing and chlo-
rotic mottle symptoms. Clone IT showed a severe
necrotic reaction and died 2—3 weeks after
inoculation. Clone IIT was resistant to all the
strains of bean yellow mosaic virus (BYMYV,
PMV 1, PMV 2 and PMV 3). Generally, the
symptoms caused by pea mosaic virus strains
PMV 1 and PMV 2 in red clover were similar to
those caused by BYMV (Fig. 2 b), although the
severe vein banding twisting the leaf was less

common than in the clover infected with BY MV.
PMYV 3 infection was feeble and affected a few
red clover plants only (cf. Table 9, p. 31). In
alsike clover (Trifolinm hybridum L.), the bean
yellow mosaic virus isolates usually caused vein
banding (Fig. 3) and only rarely symptoms of
necrosis. The symptoms did not vary as greatly
in alsike clover as in red clover.

Despite numerous attempts, the white clover
(Trifolinm repens L. var. Tammisto) could not be
infected with any of the bean yellow mosaic
virus isolates. Back inoculations were made from
the inoculated white clover to disclose any latent
infection. HAGEDORN and WALkER (1950) and
GoopcHILD (1956) obtained the same result,
although according to some research workers
(Baxter and McGrosoN 1959, ANDERsON and
Harrix 1961 and KovacHEVSKY 1968) white clo-
ver is a host of bean yellow mosaic virus.

In pea plants (Pisum sativam L.), bean yellow
mosaic virus first (c. 5 days after infection) cansed
vein clearing and then (after about 10 days) va-
rious degrees of mottling. The strains of bean
yellow mosaic virus were distinguished from one
another by means of the symptoms revealed by
the pea plants. BYMV, the main strain of the
virus, caused slight mottling of the leaves, i.e.
green mosaic. Pea mosaic virus 1 (PMV 1) ap-
peared in most of the pea varieties in the form
of a severe yellow mottling (Fig. 4 c). In the
chlorotic leaf tissue there occurred dark green
slightly thickened spots like those in the red
clover. Pea mosaic virus 2 (PMYV 2) caused green
mosaic in pea which was clearer and more severe
than that caused by the main strain BYMV (Fig.
4 b). Pea mosaic virus 3 (PMV 3) caused severe
yellowing of pea plants and their wilting within
barely 2 weeks from infection (Fig. 4 d). Pea
mosaic virus 4 (PMV 4) also caused wilt of the
pea plant, but somewhat slower than PMV 3.

In French bean (Phaseolus vulgaris L.) bean
yellow mosaic virus BYMYV caused severe symp-
toms. Chlorotic spots could appear on inoculated
cotyledons, the trifoliate leaves might be heavily
yellow-mottled and wrinkled (Fig. 5 a), growth
was stunted and, in many varieties, complete
wilting might occur (cf. QuaNTz 19532). The
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a b

Fig. 2. Symptoms caused by bean yellow mosaic virus on leaves of Tammisto red clover, a) isolate BYMYV,
b) isolate PMV 2.

Kuva 2. Pavun keltamosaiikkivirus-isolaattien a) BYMV, b) PMV" 2 infektoimia puna-apilan lehtii

A oo

a b
Fig. 3. Symptoms caused by bean yellow mosaic virus on leaves of Tammisto alsike clover, a) isolate PMV 1,
b) isolate PMV 3.
Kuva 3. Pavun keltamosaiikkiviruksen infektoimia Tammiston alsikeapilan lebtid, a) isolaatti PMV" 1, b) isolaatti PM1” 3

a b c d
Fig. 4. Symptoms on English Sword pea caused by bean yellow mosaic virus f. pea mosaic virus; a) healthy, b) isolate
PMV 2, ¢) isolate PMV 1, d) isolate PMV 3
Kuva 4. Pavun keltamosaiikkivirus f. herneen mosaiikkivirus-isolaattien aibeuttamia symptomeja Englannin miekka-berneessiy
a) terve, b) isolaatti PMV" 2, ¢) isolaatti PMV" 1, d) isolaatti PMV 3
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infected bean plants would develop only a few
pods, which would be green-mottled. Pea mosaic
virus was not initially found to infect bean, and
due to this characteristic the virus was referred
to as a species distinct from bean yellow mosaic
virus (PIERCE 1935, CHAMBERLAIN 1936). It was
found in the tests performed, however, that pea
mosaic virus (PMV 1 and PMV 3) would infect
several bean varieties either latently or with
varying symptoms (Table 7, p. 28). On some
varieties they caused only chlorotic primary
spots, while on others they caused a mild or
distinct systemic mosaic and on a few (e.g.
Bonita, Cita) a vein necrosis, necrotic spots and,
scarcely 2 weeks after infection, top necrosis
(Fig. 5 b).

Broad bean (IVicia faba L.) infected with bean
yellow mosaic virus first had vein chlorosis and
then became green-mottled. The leaves, paler
than normal, had irregular, darker green spots
and growth was somewhat retarded.

The susceptibilities of various plant species to
bean yellow mosaic virus were tested in green-
house conditions by the use of sap inoculation.
Of the 60 plant species inoculated, 39 were
infected by BYMV; and of the 64 inoculated
with PMV, 37 became infected, 14 of these being
new host plants (Table 5, *). The various isolates
of bean yellow mosaic virus revealed only slight
differences in species susceptibility. Vicia cracca
became severely infected with pea mosaic virus
but not at all with the isolate BYMV. Lucerne
(Medicago sativa L.), which is not generally reck-
oned to be a host plant of bean yellow mosaic
virus (HacEpORN and WaLker 1950, Goop-
cHILD 1956), became infected with the BY MV
isolate but not with a single PMV isolate (cf.
KovacHEvskY 1968).

The Lupinus species L. albus, L. angustifolins
and L. luteus became severely diseased, mostly
with top necrosis caused by bean yellow mosaic
virus, and especially the PMV isolates, although
according to HAGEDORN and WALKER (1950)
BYMYV is found latent in L. angustifolins. Medicago
intertexta, M. Melilotus  indicus, M.
officinalis, Onobrychis capuigalli and Trigonella
coerulea also reacted violently to PMV infection.

scutellata,

b
Fig. 5. French beans (Phaseolus vulgaris L.) infected with
strains of bean yellow mosaic virus, a) BYMV isolate
on var. Konserva, b) pea mosaic virus isolate PMV 1
on var. Bonita

Kuva 5. Pavun keltamosaiikkiviruksen saastuttamia paprja;
a) BY MV -isolaatilla infektoitu Konserva-papu, b) berneen
mosaiikkivirus-isolaatilla PMV" 1 infektoitn Bonita-papu

None of the bean yellow mosaic virus isolates
caused local lesions on the leaves of Crotalaria
spectabilis (cf. CorBETT 1957), but they did cause
severe systemic chlorosis, especially the strain
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Table 5. Host range of bean yellow mosaic virus and bean common mosaic virus
Tanlukko 5. Pavun keltamosaiikki- ja Davan mosaiikkivirusten isintikasvit

Reaction of host plant?)
Isantikasvin reaktio)
Species of plant o . Bean common
Kasvilaji Bean yellow mosaic vx.xus strains mosaic virus
Pavan keltamosaiikkivirusrodut Pavun mosaiikki-
viris
BYMV PMV 1 BCMV 1
Albizzia lophantha Willd. .. .. . . — —
Astragalus cicer Lo oo . — _
» penduliflorns Lam. ... i — — —
Crotalaria spectabilis Roth. . ............ .. .. i e, 48 4S 1S
Glycine sgja Sieb. 8 ZUCC. ...oiii i — +S —
*Latlgyrm aphaca L.3) ... o e, +S +S —
montanus L. ... - +(S) _
» miger (L) Beroh. ... . . . +(S)
* oy ochrus (L) DC. L. +8 +S —
» odoratus L oo +S +S —
» orthus Lo oo e +S
* oy Disiformis Lo oo +S — _
o Pratensis L. oo o e — —
* oy Silvestris Lo oo — —
» vernus (L) Bernh. ... ... oo o — —
Lotus corniculatus Lo ... oooooo i e —
Lupinus albuts Lo o ooioe e +S +8 +S
» o angustifoling L oo +8 +S +S
W utens L o +S +S +S
» o polyphyllus Lindl. ... — — —
Mea’tgaga arabica (L) All. ... .. . . . e, — —
intertexcta (L) Miller ... .. . .. . ... +S +S —
» orbienlaris (L) Battal. ... ... ... ... . ..ccciviiiiani.. +8S — —
» sativa L. oo +S — —
* oy seutellata (L) Miller ......... ... ... ... i, +S 4-S —
Melilotus albus Dest. .................... e e, +S +S
* oy caltissipms Thuille Lo +S +S —
» indicns (L) All. ..., ............ e +S +S —
» officinalis (L.) Dest. .................... e +S +(S) —
¥ o» wolgicns Poir. ........ ... ... ...... e +S +S —
*Onobrychis caputgalli (L) Lam. ............ 0 00iiueinnnnnon.. +S 48 —
Ononis hircing Jacq. .......cc.oiiiiiii i —
Ornithopus sativns (Link.) Brot. .........oviuie e, —_ —_
Orobus lathyroides Sibth. & Sm. ................0veiiiiinnnan., —
Phaseolus coccinens L. .o — — _—
» L — —
» multiforns Willd. ... ... . — — —
» X - 4S8 +SN 2) +S
Physoclaena orientalis G. Don. ......... ... 0. — —_ —
Pisum arvense (L) A 8 G. ottt +S +S —
L +S +S —
*Seorpinrus subvillosns L. ... o e — —+(S) +S
» vermiculatus L. ..., +S
*Trifolinm arvense L. ..o +S +S —
* oy anrenm Poll. ... . +S +S
» hybridum L. ... S +S
» fearnatum L. ..o +S +S
» medinm L. ... — +(S)
» Pratense L. .. e +S --S —
» » L 4-S +S
» » O +SN +SN
» I — — —
» repens Lo oo e — — —
* oy spadicennr L. ... .. +S +S
Trigonella coerslea (L) Ser. ....oi'iui i, +S +S +S
Vicia cracea L. ... — +S
I B +S -+S +S
» sativa L. ............. St ee et et ie et iens e ena +S -8
L — — —
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Table 5, cont. — Taul. 5, jatkoa

Reaction of host plant?)
Isdntdkasvin reaktio*)

| Bean common

Species of plant . . LI
Kasnilaji Bean yellow mosa.lf: v-lr.usstrams mosaic \fn.r.us.
Pavun keltamosaiikkivirukset Pavun rfm.ran.bkrn
virns
BYMV | PMV 1 BCMV 1
Vigna sinensis (L.) Savi ex. Hassk. ........cocviviiiiiiinnnneens — ‘ -
Chenopodium amaranticolor Costa et Reyn. ......oovvviviiininrens +L | +L + L
» bontus-benricstr Lie oo voiovenivisuin s vaims i bwsianon v +(L) | L
» guinoa Willd. ... ..ol +L ‘ + L + L
Gomphrena globosa L. .. .. ....ooooiiiiiaiiiiii i - ' —
1) — = not infected 1Y — = ei infektoitunut
+ = infected - = infekloitunnt
L local lesions L. = paikallislaikkuja
S = systemic symptoms S = systeemiset sympiomit
(S) = symptomless i.e. latent systemic infection (S) = sympiomiton systeeminen eli latentti infektio
N = necrosis N = nekroosi eli kuolio

%) some varieties become infected (cf. table 10)
osa lajikkeista infektoitui (vrt. taul. 10)

= new host plants
nunsia isdntikasveia

a b

PMV 3 (Fig. 6). Ornithopus sativus, Phaseolus
lunatus and Vigna sinensis, which according to
KovACHEVSKY (1968) are host plants of BYMV,
did not become infected with any of the isolates
used in the infection tests performed.

Of the generally employed virus test plants
belonging to families other than Papilionacea,
only Chenopodium amaranticolor and C. guinoa
were suitable as indicators of bean yellow mosaic
virus, this virus causing in them necrotic local
lesions that were pale in the middle and red at the
edges and 1—3 mm across (Fig. 6 c, d). C. bonus-
henricus became only slightly infected.

4 5532—70

c d
Fig. 6. Symptoms of bean yellow mosaic on Crotalaria spectabilis leaves infected with a) PMV 1 isolate, b) PMV 3
isolate and Chenopodium amaranticolor leaves infected with ¢) PMV 3 and d) BYMYV isolates

Kuva 6. Pavun keltamosaiikkivirus isolaattien a) PMV 1, b) PMV" 3 aibeuttamia symptomeja Crotalaria spectabilies-lebdissi
ia isolaattien ¢) PMV" 3 ja d) BYMV" Chenopodinm amaranticolorin lehdissi

Bean common mosaic virus, BCMV, infected 8 of
the 35 species of plants in the test, not infecting,
for instance, the clovers and pea plants. The
symptoms it causes in the various bean varieties
have been described several times earlier
(Fajarpo 1930, Quantz 1953a). Neither of the
isolates BCMV 1 and BCMV 2 caused any nec-
rotic lesions on the bean leaves (cf. ZAUMEYER
and Gora 1963) but various degrees of mottling
and crinkling occurred with symptoms generally
milder than those caused by bean yellow mosaic
virus BY MV in the same varieties. The chlorotic
local lesions caused by bean common mosaic
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Table 6. Susceptibility of pea varieties to bean yellow mosaic virus in greenhouse and field
Tanlukko 6. Hernelajikkeiden alttins pavun keltamosaiikkiviruksello kasvihiioneessa ja kentilli

Pea variety

Infected/inoculated plants 1)

Infektoituncitalinokuloituja
kasveja kplt)

Infection-%2) (per 500 plants)
on experimental field, 1962—
1966

Viroottisuns-% 2)  (per 500

Hernelajike kasv.) kae,éel;[;l;[éi w. 1962—
inoculated with virus isolates
inoksloitu virusisolaateilla
BYMVY PMV 1, 2 and 3 average variation limits
’ keskin, vaibtelurajat
Pisum sativam L.
Aikainen matala (Early low)...................... + 12/12 + 27/30
Beta oo — 0/8 — 0/23 0 0—o0
Blaues Wunder ..............ooii + 11/11 + 25/29
Canners Petfection .............................. 4 11/6 — 0/15 0 0—0
Continental ................covueein — 0/4 — 0/14
Datk Skinned Perfection ........................ — 0/6 — 0/11
Debut Hg ..., — 0/6 — 0o/11
Delikatess ........oooevinniiii i — 0/8 — 0/41
Delikatess, improved .............ooovuueonon.. .. + 1/10 -+ 18/25 0.6 0.5— 2.2
Dippen ..o -+ 4/10 + 23/27 1.7 0.2— 3.8
Dippes Maj ....ooiiiiniiiiiii i + 15/16 + 42/45 1.1 0.6— 1.5
Dvirgsabel (Dwarf sward) ....................... + 14/17 + 34/42 1.23) 0— 2.03)
English sward ............... ... ... .. ... ... + 22/23 + 39/40 13.2 2.6—35.0
Faitbeards ............. .. ... — 0/6 + 5/12
Folger ..o + 1/4 + 9/14 4.2 0.6— 7.6
Freezer[37 ... ... . . +  9/9 + 32/32
First Bismarck ..., 4 8/14 + 37/41 4.4 3) 0—11.6
Glaend ...voieiiiii + 2/5 + 8/13 21.6 4.8—43.5
Gomé Hg ... — 0/4 — 0/8
Hamund Hg ................ . . — 0/3 —  0/11 00 0—0
Hebe ... i, — 0/5 —  0/11 00 0—0
Heimdal OE ....................oi i, — 0/5 —  0/10
Heinrichs Tidig (eatly) ................cc.vo.. .. + 79 + 25/26 3.0 0.8— 4.8
Herkules 38/OE ...........cooviiiiinnnnnnn. . +  4/11 +  2/25 (1.0) 1.0
Juvel Wb oo — 0/3 — 0/14
Kalle ... o + 3/4 + 13/14 4.2 0.5—12.2
Kelvedon Monarch ............................. 4+ 1/5 + 17/17
» Triumph ......... ... . ..o + 55 + 14/15 (1.0 1.0
» Wonder ..........cciiiiii . —  0/24 — 0/65 0.8 0.2— 1.8
Koivikko ....ooo + 1/5 + 13/14 9.8 1.4—16.0
Kungs .. ... 4+ 8/8 + 2121 2.53) 2.5— 2.53)
Lancet ..o — 0/5 — 0/15
Lincoln .....ooouiiiii + 7/8 + 18/23 2.7 1.0— 7.5
Mignon Mark Wb .............................. — 0/5 — 0/16
Minetva ...ovvvieenn i — 0/10 — 024 0 0—0
Norrlands Express ................covvuen..... + 5/5 + 13/15
Onward ... ..o — 0/13 — 0/38 0 0—0
Paula ... i + 1/4 +  6/9 4.0 0.2— 9.0
Perfected Freezetr ............... ... o ouiiui.. — 0/10 —  0/27
Phenomen ..........covuiiuiiiiiiin + 9/15 + 21/35 1.4 04— 24
Pollux ......oniiini +  4/4 4+ 13/13
Primex .....oooiiiii + 5/5 + 11/11
Primér IL OJO ... + 33 + 77
Reform 47 ... ... + 11/11 + 31/33 4.8 0—12.0
Riftto ..o + 2/4 + 13/13 12.2 4.2—27.0
Rival 47/OE ... + 2/18 — 0/40
Rival Ny Munkegird ............. e — 0/5 — 0/15
Signal ... .. + 4/9 + 19/27 3.1 0— 6.5
Sigyn oo — 0/16 — 0/44
Sprinter Wb ... ... ... — 0/5 — 0/14
SEEOS it — 8/10 + 20/20
Stern Wb ... — 0/5 —  0/17
Stral Wb o — 0/5 — 0/5 0.8 0.5— 1.0
Suomi ... + 7/8 + 22/24 (8.0) 8.0
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Table 6, cont. — Taul. 6, jatkoa

Infected/inculated plants ') Infection-%2) (per 500 plants)
Infektoituneitalinokuloituja on experimental field, 1962—
kasveja kplt) L 1966
Wy a8
Hernelajike 1966
inoculated with virus isolates
inokuloitn virusisolaateilla
BYMV PMV 1. 2 and 3 average variation limits
’ keeskim. vaibtelurajat
Svensk sabel ........ .. i, + 5/5 + 10/10
Sylvester Hg ... + 3/3 + 99
Sylvia Hg .o 4+  3/3 + 9/9
Torgkung . ..o i e — 0/6 — 0/13
S s 4+ 14 4+ 78 8.0 1.4—18.0
B TIL o + 1/4 1 10/13 4.1 12— 7.6
TLOPRY v et e e ettt e | = o5 — 010
Weitor Wb ... i i — 0/14 + 3/26 0.5 0— 1.5
VACLOLY FLEEZEL - .o e eee e eieeeeeeeeannnss + 10/10 1+ 19/27 (1.6) %) 1.6
Witham Wonder .......coviiiiiiiienn e -— 0/21 + 1/48 0.3 0— 1.8
Wondetful ......... i +  4/4 + 12/12 (2.5) 25
ZEUt WD oo et 4+ 112 +  2/32
Osterlen ..ooviiii i — 0/4 — 0/9
Pisum arvense (L.) A. & G.
Heto SV vivvine e + 5/5 +  4/4
Marma Wb oot i e 4+ 4/4 +  4/4
Parvus Wh ... it + 4/4 + 4/4
Peluski ...vviiiiniiiiii i ie e 4 4/5 + 14/14 31.2 28.5—34.0
PHfat Wb  +ovv e e et e 1+ 55 + 55
Valor Hg ..ottt + 5/5 +  4/4
Vesta SV .ottt s 4+ 5/5 + 16/16 6.2 0.4—15.1
Violetta . oovie i s 4+ 2/5 + 13/15 9.1 1.6—18.0

1) sap inoculation
2) natural infection by aphids
3) plants partly wilted when examined

vitus on the leaves of Chenopodium amaranticolor
and C. gquinoa were indistinct and difficult to
count.

Susceptibility of various legume varieties

Not only the species of legumes but also their
vatieties reveal distinct differences in resistance
to virus disease. Numerous examples of this have
been reported in the literature (BAGGETT et al.
1966, BarToN et al. 1964, DracuuM and HENsoON
1959, 1960, HacEporN and WALKER 1951,
Quantz 1962, Ruporr 1958, StuTEVILLE and
HansoN 19642). In homozygous plants such as
pea and bean the differences are usually distinct
and the results obtained in the various tests are
consistent. In heterozygotes such as clover, the
results varied somewhat in the different tests.

Yy mehuinokulointi
2) Juonnollinen infektio kirvoilla
8) berneet osittain kuibtuneet havainiobetkelli

Pea (Pisum sativam). Tests in the greenhouse
were done with sap inoculation on the suscepti-
bilities of 67 varieties and 46 breeding lines of pea
and on 8 varieties of field pea (P. arvense) to the
bean yellow mosaic virus isolates BY MV, PMV
1, PMV 2 and PMV 3. As the different varieties
reacted uniformly to all three isolates of pea
mosaic virus (PMV), the results in respect of
these have been combined in one column
(Table 6). The reactions of the varieties to
BYMYV, however, revealed some differences from
their reactions to the PMV isolates. Of the pea
varieties (67), 24 were resistant to all the bean
yellow mosaic virus strains tested (Table 6).
There were a further 2 varieties that were resist-
ant to pea mosaic (the PMYV isolates) but not to
BYMYV, while the treverse was true of 2 other
varieties. Of these two latter, the infection of the

27



s/t S+ ¥iv  ST+-++ ol e aE IR dox) dog, aquseoA

61/0 0 §1 (9)+ 6l¢ I+ 6lv T+ GIS SH4F | ydumrzy, «

Lele ) 6ls s+-+ 8/0 — 6/9 s+ Gl S+++ |t 't 0IQp OURIIOT,  «
€z/o 0 s/t s -+ 6/s (T)+ 6/s S+ GIS St [ttt BIDUSWIE) SYOA
w.ﬂ\o o @\@ m|_.l+ .C\o ml_.la‘Tl.—l .. DR R L R A A R Y NU“.WB
c.ﬁ\o O V\ﬂ w++ O\O w+++ ........................... QB OﬂNB
61/0 0 ¢ls s+++ 6/0 — 6/ T+ Gl StH+4 [ p3q exxy pIgag
81/0 0 Gls s+ 6/9 s+ + 6/6  NS++-+ TC I o S Jrewue( pIeAg
sole ¢ ¢/ Ss++ Sl s++ ¥/o — ¥/0 — JAAAAENE S A LIEEN
SOL/L 9 01/01 S+-+ 11/8 s++ 6/0 — 6/ T+ 02/0T St |t eXEQ
Zile (5T) ¢t s++ Llo — 9/¢ N1+ L2205 o o N I 298032y
sozliy ¢ 6/6 S+ 9/9 s+ 6/1 s+ 6/v ST+ SUPT S [ pro2y
11/z (81) sls s+ 9/¢ S++ ¥/0 — slo — 6/6 SH A e O[O sossadoig
80T/ST +1 6/ S++ ¥y s+ ¥/0 — +/0 — PI/EL SH+++ [t LG/30ss3003g
m\o _ m\o - m\m ml—l++ .............................. Umug.—uum
¢t/o 0 Gls s+ 6/0 — 6/s  S(T)+ FIg SH-b- |t IYYUg I[IdJ
SIS + 0ot/6 S++ slc s+ 6/1 (D+ 6/1 T+ ST/ST S+ 4+ |- UBUIEISPION
gt/e (L1) 6ls s++ 6/ ST+++ | 6/ NSTI++ Y LR o e e I snquuIN
N.H\o O m\N WIT o\@ mlTl—ll_l .............................. &OUHUE
L1/s (62) 9t . s+ 9y S+ 6/1 (I)+ 6/s s+ 6/6 SHEAb | FISEN
Ltlo o 9/9 §++ ¢l (9+ ¢r/o  (Q1+ 9/9 S+ e qM II 2AIISUOT]
¥eilst 21 6/6 S++ o1/t s++ Lt 9+ 8/1 (9)+ TZ/8T Sh- | TAJOSUO]
601/11 01 ¥y s+ 9/1 s+ 11/0 -~ 6/s s+ + 6/8 S(H)+ e Tt WPYIIA Fesrey]
sor/e ¢ st/o, — ¢l1 s+ 6/1 s(1)+ 6l NI+ 618 S |t trrrreeece mf
1L1/09 S€ vi/el s+ o — 6/¢ s(D)+ 6/ NI+ 0z/0z g+ -+ [*rrrrrecttttrctcrttouo 303 POFPUNEY
81/0 0 9/ (9)+ sle (+ 8/0 — 6/0 — AR G e I BWIT Ysng UOSIOPUSH
81/0 0 9/9 s+ 6/L STI+++ | 8/6 ST+++ 9/9 S | (uosanyy) ong( SYSIFUIOH
801/L1 91 Sl s+ —/9 s++ 61 (T)+ ot 1+ TU/TT St e e ** wroypon
Oﬁ\o O W\N WAITVL_I O\M mI_I L_l + ........................ O—nmamw NUﬂHﬁH
vz/8 (0€) Gy s+-+ vlz s++ 6/0 — 6l (9)+ GIG S A |t eraz]]
zels 91 slo — ¥le s+ 6le I+ 6/S T++ 8/8 Sl dA [t Aqaxysty
9z/0 0 9/9 S++ ¥/0 — ¥10 — DA A e o R qM MI0AT]
o1/ € 01/s s+ 9y S++ ¥1/0 — yi/L (S)y1++ TU/TT S e xea ssaxdxy
110 0 zlo — o — 8/0 — 8/1 S+ €l S e uaBosajuryg
Mﬂ\o O .V\.V WAITVI_I m\.V WL_! G\O _ .V\.V ml—ll_lvT ............................... damuﬂu
0z/0 0 gl s++ 01/ NST-+++ |ST/€T NSTH++| 01/01 SH++ [rrrrrrrrrrrrrr i, 1)
L6/ET €1 /e S+ 9lc + 6/0 — 6/0 — 0T/0T St o 3I0AR SO[IED
zele 1) ¢le s+ 9/0 — 4k 4 S+ ¥/0 — 9/9 S [ XeA NI
91/0 0 6ls s++ 6/t T+ 6ls  (S)y1+ GIS S [t preag parg
st/o o vy S+ ¢le -+ 6/6 NST+++ | 6/6 NSTI+-++ Pl S e Tjjuog
1 Stvdpna sujoasvq g

sour/3ut (z % T AWOH _ I AWO™ € ANd _ 1 AWNd AWAL

vist110041a pisyuanuarsoddnoyy
P2309JU1 Paas [EdIAUIO])

D][124D010SISH430 1130pHYoU] — SIFE[OST SMIIA YA POIB[NIOU]

(v 19y vloasoy olugopmeyous|ostaunizorysfup — (ysyuerd payemoour/patosyur

HyHlomdng
£3a138A UBOQ

(¢ AWDG ‘1 AWDG) aUptsynsasyyuvsonws unavd vf (¢ AW | AW “AWIXG) di[psynaaryyuvsounyisy unavd snigyo saptayyrlomdog -/ oyyunr ]
(T AINDY ‘T AWDE) SUIA D[ESOW UOWIUIOD ueaq pue (¢ AWd ‘T AW ‘AWAE) SNIrA dresowt mo[[e4 ueaq 03 sarjRrIEA UEaq JO LfIquadoosng '/ JqEL

28



0/10
0 0/9
0 0/10

0

0/5
0/5
0/4

latvakuolio

(S) = ei symptomeja; takaisinsiirrostus sekunddirilebdistd positiivinen

0/3
0/5
0/4

ja (paikallislaikkuja), LN = nekroottisia primédirilaikkuja

L = primddrilaikkuj
(L) = ei symptomeja;

takaisinsiirrostus inokuloiduisia lehdistd positiivinen

saastunut erittiin voimakRain oirein

systeemisesti infekioitunnt, SIN
saastunut selvin oirein

saastunut lievin oirein

— 0/3
— 0/3
— 0/3
ei saastunut

+

S

++

2) O -luku suluissa, kun aineisto on pieni

+++

D

0/5
0/5
0/4

top necrosis

— Perhospapu ..........

— Valkokukkainen . .....
infected, with very severe symptoms

+ -+ = infected, with distinct symptoms
infected, with mild symptoms

systemically infected, SN
not infected

»

L = primary lesions (locally infected), LN = necrotic primary lesions
(L) = no symptoms; positive back inoculation from inoculated leaves

S
(S) = no symptoms; positive back inoculation from secondary leaves

+

2) 9 given in brackets when material small

Scarlet flowered — Punakukkainen . ... ...

Runner bean — Ruusupapu
White

Phaseolns coccinens L.
Red-white »

D

o+

Witham Wonder variety was rare, only 1/48
becoming infected. All the varieties of the field
pea became severely infected.

Of the breeding lines, all 5 lines of pea from the
Department of Plant Breeding at Jokioinen were
susceptible to virus. Of the 13 lines of pea from
Weibullsholm, 5 were resistant to all the isolates
of bean yellow mosaic virus, and 1 to the BYMV
isolate only. Of the 28 breeding lines sent by
Dr. Ellestrom from Svalév 6 were resistant
to the strong pea mosaic virus strain PMV
3 from Svalév, while they became infected
with the PMV 1 from Tikkurila. Two lines
did not become infected with either wvirus
isolate.

In 1962—1966, observations were made of
virus infection in peas (38 varieties) grown in
experimental fields. There were 5 replicates with
4 meters of row each for each variety, i.e. a total
of about 500 plants. Virus infection of the pea
plants varied considerably over the different
years, mainly with the propinquity of the virus-
infected clover that was the source of infection
and with the abundance of aphids. For most of
the varieties the results were in keeping with
those obtained with sap inoculation in the green-
house (Table 6). Some varieties that proved
resistant in the greenhouse test, such as Kelvedon
Wonder and Stral Weibull, and the almost re-
sistant Witham Wonder, became slightly infected
in the field with virus strains that were ascertained
to be of types PMV 1 and PMV 2 when back-
inoculated to English Sword pea. The differences
are probably due to different substrains or to
external factors, for the resistance of the pheno-
type may be dominant in some heterozygous pea
specimens at low temperatures, for instance
(ScHROEDER et al. 1960), although it is generally
a recessive characteristic bound to a single pair
of genes (Jomnson and HacEporn 1958,
ScHROEDER and PROVVIDENTI 1964).

French bean (Phaseolus vulgaris). All the 40
varieties of bean in the test became severely
infected with the bean yellow mosaic virus isolate
BYMYV (Table 7). 12/36 bean varieties became
infected with PMV 1, and 10/36 with PMV 3,
with symptoms sytemically apparent. PMV 3
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caused top necrosis in the varieties Bonita and
Cita, and PMV 1 in these and in the varieties
Nimbus and Svird Danmark. The former caused
a latent infection in 3 varieties, and the latter in
these 3 and in 2 others. PMV 1 caused only
primary lesions in 9 varieties, while PMV 3 did
so in 3 varieties and caused a latent primary
infection in an additional 6. The results vary in
the different tests especially for the varieties that
are recorded in Table 7 as having slight symp-
toms. In the tests performed in the beginning of
the present study less varieties of French bean
were found to be infected with pea mosaic virus
isolates than in the other tests made four-five
years later. May be, the viruses have mutate
during transferring through numerous legumes
in the greenhouse, or possibly, enviromental
conditions affected the appearence of resistance.
This has been found to be dominant in bean in
respect of the bean yellow mosaic virus (strain
PV—2, pea mosaic virus; SCHROEDER and
ProvvipeEnTI 1968). According to Dickson
and NatTr (1968) resistance to the bean yellow
mosaic virus main strain BYMYV is also due to a
pair of dominant genes.

Five out of 38 French bean varieties were
resistant either to both or to one of the strains
of bean common mosaic virus (BCMV) that
were tested (cf. HuBBELING 1963). According to
Ruporr (1958), the resistance of bean to bean
common mosaic is a recessive characteristic that
is bound primarily to two alleles, while a third
causes oversensitivity.

The bean wvariety Resistante Cherokee (L.
Clause, France), which has proved resistant to
bean yellow mosaic virus as well as bean common
mosaic virus, does not, according to Danish
tests (JENSEN 1965), possess characteristics that
would recommend it for cultivation in the
Scandinavian countries, but as a variety in
breeding for resistance it deserves note.

The ranner bean (P. coceinens), which did not
become infected with a single isolate of bean
yellow mosaic virus, pea mosaic virus or bean
common mosaic virus included in the tests, is
also used in breeding beans for resistance (e.g.
BAGGETT et al. 1966).
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Among broad beans (Vicia faba) it was the early
small-seeded varieties Minor, Pirhonen and
Svalév Primus that proved more susceptible to
bean yellow mosaic virus than the late large-
seeded varieties Hangdown and Maxime.

Bean yellow mosaic virus infected the 4 vesch
(V. sativa) varieties tested, Luna Sv, Stjirn Sv,
Svalév Sv and Vico Hg. BYMYV caused distinct
symptoms in all of these, but PMV 1 did so only
in the variety Stjirn while it caused a latent
infection in the others.

Red clover (Trifolinm pratense) and alsike clover
(T. hybridam). In the field trials carried out at
Tikkurila the tetraploid red clover Tepa proved
significantly more susceptible to bean yellow
mosaic virus infection than the diploid Tammisto
red clover from which Tepa was developed,
while the tetraploid Ulva was less susceptible
(Table 8). In trials conducted at Viikki, Rar-
NINKO (1964) obtained results pointing in the
same direction. In the greenhouse tests, where
inoculation was done by rubbing expressed sap
into the leaves, there was no significant difference
in the susceptibility to bean yellow mosaic be-
tween Tammisto red clover and Tepa (Table 9).
But there was a distinct difference in the suscep-
tibility of red clover to the various virus isolates,
for it was severely infected by PMV 1, moder-
ately by BYMV and only mildly by PMV 3.
Alsike clover was equally susceptible to all the
isolates.

This suggests that the differences in resistance
among the varieties of red clover in the field

Table 8. Natural infection of red clover varieties in field
trial at Tikkurila in summer 1964
Tanlukko 8. Puna-apilalajikkeiden Ilnonnollinen saastunta
kenttikokeessa Tikkurilassa kesillé 1964

Number of plants
per metre of row
Kasveja keskim. kpl
Variety of red clover “ﬂ:j,;im::rix['l’; ?

Puna-apilalajike

infected necrotic

viroottisia nekroottisia

Tammisto, diploid .............. 4.0 0.6
Jokioinen, » .............. 8.1 1.1
Tepa, tetraploid ................ 11.2 1.8
Ulva, P 1.9 0.2
F coefficient — F-arvo .......... 21, 4%%%
ISD—PME .................. 2.9



Table 9. Suceptibility of various species and varieties of clover to the bean yellow mosaic virus isolates PMV 1,
PMV 3 and BYMV in a greenhouse experiment with mechanical inoculation,

Tanlukko 9. Eri apilalajien ja lajikkeiden alttius pavan keltamosaiikkivirus-isolaateille PMV 1, PMV 3 ja BYMV

kasvih

kokeessa

kaanisesti i

kuloitaessa.

Bean yellow mosaic virus isolate
Pavun keltamosasikkivirusisolaatti

Red clover lots
of 96 plants
% infected

Puna-apilacristi

d 96 kpl
% viroottisia

Significance of difference
according to x? test
Eron merkitseryys
xB testin mukaan

Alsike clover of 96 plants
% infected
96 alsikeapilasta % viroott.

‘Tammisto Tepa ‘Tammisto | ‘Tepa Tammisto
PMV 1 it 65.6 70.8 100
BYMYV  oooooinineiiii, 56.4 37.5 Ly Ery 100
PMV 3 ittt 6.4 21 ' : 100
Significance of difference according to X2 0
test — Eron merkitsevyys y° testin mukaan |

Table 10. Susceptibility of varieties of alsike clover and red clover to bean yellow mosaic virus
Tanlukko 10. Alsike~ ja puna-apiloiden lajikealttins pavan keltamosaiikkiviruksille

Number of plants infected with bean
yellow mosaic virus per 100 = % Significance :fccordit}g
i Infektoitunut & kpl{100 tainta = %, to x* test equivalent for
\;:lf;:' P::;i;’:f;e fpnwm ,éeltamo{a/iik.éiﬂimk:illa % m}%;fij:%j rxy:;;;;t’z:””
Average P=5%
BYMV PMV 1 Keskin,
Trifolium hybridum
=2 S Weibull 100 100 100.0
Otofte 4n ...t e e Otofte 97 70 83.5
Dtofte . ovvei i e Otofte 100 54 77.0
Bitka ...t Hammenhég 30 70 50.0
G ¥ e Svalov 36 40 38.0
SVER vttt e s Svaldv 11 56 33.5 |
Average — Keskim. 62.3 65.0 —
T. pratense
Elbo .vietiinie it it Pajberg 31 53 42.0 '
REKO - ovoneenearinnaneanenianenes Svalsv 17 49 33.0 i |
MerKkus oovvnerneriiieneeninaonnnas Svalov 10 39 24.3
Ulva (4n) ..ooviiinniiiiiiiiienenn Svalév 3 42 22,5
Bota ...ooviiiiiii i Pajberg 3 39 21.0
1 51 N Dachnfeldt 28 12 20.0
S 0 Pajberg 15 23 19.0
Hermes ...oovviniiiniiniiniinennnn Svalév 1 36 18.5
EssiII ...ooiiiiiiniiiii i Hammenhoég 2 34 18.0
JUuno «ovviii e e Dachnfeldt 12 19 15.5
Rea (Original) .......ocoviiiiinan, Hammenhog 1 28 14.5
Resident .v.vvveivinininniiiennnnnns Otofte 19 10 14.5
Rea 4dn ..o iiiininnn. Hammenhog 1 26 13.5
DiSA v vitiee et e Svalov 5 21 13.0
Ronda «vvvviviiiiiiiieiieennnns Trifolium Frd 13 13 13.0
CotoNa ..vvveriinnrennrerinnnenens Dtofte 6 16 11.0
Divina ...ooviviieiii i Hammenhog 2 20 11.0
SHo it e Svalév 2 20 11.0
Gtofte 40 ...ttt e Otofte 8 12 10.0
BOta vttt i Svaldv 0 20 10.0
VSt oo ettt e Daehnfeldt 3 15 9.0
Tenda ..vvviriiiienen i Trifolium Fré 5 9 7.0
Polly 4n ....ovriiiiiiiiiiinns Svalév 2 8 5.0
Avetrage — Keskim. 8.2 24.5 —




Table 11. Compatison of the susceptibilities of diploid and tetraploid red clover to bean yellow mosaic virus
Tanlukko 11. Diploidisten ja tetraploidisten puna-apsloitten pavun keltamosaiikkivirusalttinden vertailu

9% infected with virus isolates
Infektoitumis-%, virusisolaateilla
Variety of red clover BYMV PMV 1
Puna-apilalajike sap inoc. sign. sap inoc. sign. aphid inoc. sign.
mebuinokul. merkits. mehuinakul. merkits. kirvainokul. merkils.
2n 4n 7t 2n 4n P 2n 4n *
Diploid — Tetraploid
Diploidi — Tetraploids ]
Disa —Ulva ..ol 5 >3 0.6 21 <42 10.2%* 12.5< 41.7 20.6%**
Orig. Rea —Rea 4n .......... 1 —1 0 28 > 26 0 18.8< 33.3 5.4*
Resident @ — @tofte 4n ........ 19 >8 5.0% 10 <12 0 8.3< 14.6 1.8
Merkur —Polly ............ 10 >2 5.8% 39 > 8 26.6%* 37.5> 18.8 8.4%*
Average — Keskim. 8.8 >3.5 10.0** 24.3> 22.0 0.6 19.8< 27.1 6.6*

may be due to their suitability as host plants to
aphids. But, according to MarkkxuLA and ROUK-
kA (1970), there are no distinct differences in
resistance to aphids among the various red
clover varieties, especially if many of the aphid
biotypes occutring in nature are considered
(cf. p. 33).

The susceptibilities to bean yellow mosaic of
Scandinavian clover varieties, 19 diploid and 4
tetraploid red clovers and 4 diploid and 2 tet-
raploid ‘alsike clovers, wete compared in the
greenhouse tests by inoculating 100 plants of
each variety with sap. An average of only 8.2 9,
of the red clovers were infected by the strain
BYMYV, while 24,5 9, were infected by PMV 1,
the figures for the alsike clover being 62.3 9%,
and 65.0 9, respectively. Distinct differences in
susceptibility between the varieties were estab-
lished by the %2 test (Table 10). Because of the
low level of infection, the inoculation of 4 va-
rieties was repeated with pea aphids. This caused
a substantial increase in virus infection, but the
ratios between the varieties remained almost
unchanged. According to this, sap inoculation
does not provide a perfect picture of the virus
resistance of clovers. But we can thus eliminate
the aphid resistance of the varieties, which is not
positively cortrelated with their virus resistance,
as was shown above. Most research workers
(D1scrum and Henson 1959, 1960, and Sturte-
virte and Hanson 1964) have employed sap
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inoculation for comparison of the virus resist-
ances of clovers. SwensoN and WeLton (1966),
however, tegard aphid inoculation as the only
cotrect method for determining the virus re-
sistance of clover varieties. For clover, which is
not easily infected with sap, this is certainly the
case, but for pea, bean and broad bean a truer
picture of the virus resistance of these plants is
obtained by using sap inoculation.

The virus resistances of the diploid clover
varieties were compared with those of the tet-
taploid varieties developed from them (Table 11).
The diploids were significantly but slightly more
severely infected than the respective tetraploid
clovers by BYMV. When inoculated with PMV
1, the results varied considerably from one
variety to another. When inoculated with aphids,
the tetraploids Ulva and Rea 4 proved to be
about twice as susceptible as the respective
diploids, as was the former in the case of sap
inoculation also. But the tetraploid Polly was far
more resistant than was Merkur, from which,
according to Dr. G&sta Julén, it was chiefly but
not entirely developed.

Factors affecting resistance. As mentioned above
(pp. 29 and 30), the resistance of pea to bean
yellow mosaic is bound to one recessive pair of
genes, and the resistance of bean to bean yellow
mosaic to one dominant pair of genes and that
of bean to bean common mosaic virus to two
recessive pairs of genes. It is not clear how the



Table 12. The inhibiting of crude sap and leaf pulp of various species of pea on bean yellow virus isolate PMV 1
Tanlnkko 12. Eri hernelajikkeiden puristemebun ja lehtisakan pavun keltamosaiikkivirusia PMV 1 inbiboiva vaikutus

Pea plants lots of 30, %, infected in dilutions dgggﬁ?‘f&;ﬂ
‘Treatment Testiberneiden & 30 kpl infekioitumis-Y, laimenn. to #? tost :
Koejasen Eron merkitsevyys
1:5 1:50 1:100 av. Ka. o2 testin mukaan
Vitus suspension + distilled water — Virassuspen-
sio 4 aq. dest. . ool e 100.0 93.3 68.8 87.4 —_
Virus susp. + crude sap of — Virussusp. + puristem. : )
susceptible pea plants — alttiista herneisti . ... 96.6 28.6 13.3 42.8 0.6
resistant pea plants — resistenteistd herneisti . .. 93.0 20.0 17.6 43.5 ’
Virus susp. - leaf pulp of — Virussusp. - lebtisakka : R o
susceptible pea plants — alttiista herneistd .. .. .100.0 64.3 41.2 68.5 0.6
resistant pea plants — resistenteisti berneisti . .. | 100.0 53.3 31.3 61.5 ’

resistance bound to the genes works. Numerous
examples have been presented in the literature
. of virus-inhibiting substances occurring in

plants, but their contribution to the differences

in the resistances of vatieties is not known, Er-
KaNDELGY and WiLcoxson (1966), for instance,
have found that the sugars (glucose, galactose
and xylose) in the extract of the flowers power-
fully inhibit red clover vein chlorosis virus.
Van KamuMmeN et al. (1961) and Ragerir and
WeiNTRAUB (1962) have isolated from healthy
carnations a substance that is non-specifically
virus-inhibiting. SEra and ArpELBAUM (1962)
and Sera et al. (1965) found that a strong anti-
viral factof is présent in virus-infected plants
which is not formed in healthy plants. ‘

In pea tests, the virus-inhibitive effects of
expressed sap and leaf pulp from pea varieties
resistant to bean yellow mosaic virus (Herkules,
Onward, Rival OE) were compared with those
from susceptible varieties (Aikainen matala,
English Sword, Suomi). But the 'expressed sap
of all the pea varieties imhibited bean yellow
mosaic virus infection, that of the susceptible
vatieties as much as that of the resistant ones
(Table 12), so the resistance probably does not
work through the chemical composition of the
plant. Sitr and Warker (1952) obtained the
same result in their tests with cucumber and
cucumber mosaic virus. True, MUKHOPADHYAY
and MirrLikanN (1967) found differences in the
proteins of virus-tolerant and virus-susceptible

5 5532—70

species of apple, for the former did not pre-
cipitate with ammonium sulphate as did the
latter. o .

As the pea aphid (Agyrthosiphon pisum Harris)
is' the chief transmitter of bean yellow mosaic
yirus in nature (cf. p. 48), a comparison was made
of how closely the aphid susceptibility and virus
susceptibility of pea varieties are correlated.
According to the tests carried out by MARKKULA
and Roukxka (1970) in the insectarium, some
biotypes of pea aphid developed a far higher

number of progeny on the virus-susceptible ™

English Sword variety than on the resistant
Onwatd. But in the field, experiments where
various biotypes of pea aphid mingled, the
virus-resistant pea varieties sometimes had a
gréater number of aphids than the susceptible
ones. In this case there was no positive correla-
tion between the virus resistance and the aphid
resistance of the pea varieties. '

Morphological and physical characteristics

Shape and size. of the virus-particles. Bean yellow .
mosaic virus particles are flexible rods (Fig. 7).
Their length has frequently been giverias 750 my
(BraNDEs and QuUANTZ 1955) when the pre-
paration were made by the dip method. Banc-
roOFT and KAESBERG (1959) obtained 790 4- 40
my as the length of a BYMV particle when
preparing electron microscope preparations from
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¢

Fig. 7. Bean yellow mosaic virus PMV 1 particles; dip method, negatively stained
% phosphotungstic acid. a) x 100 000, b) x 200 000

Kuva 7. Pavun keltamosaiikkivirus PMV" 1-binkkasia; kestomenetelmi negatiivinen varjostus

1 %:lla fosforiwolframibapolla. a) x 100000, b) % 200 000

partially purified virus suspension. In measure-
ments made in 1963—1964 of the bean yellow
mosaic virus isolates BYMV, PMV 1, PMV 2
and PMV 3, the lengths of the virus particles
were found to vary a great deal, from 620 to
880 mu (Fig. 8). In addition, one could find
many adhering particles of double length. For
the various isolates the average particle lengths
were as follows:

BYMW .. 749 4+ 13.6 mu ( 92 particles)
PMV 1..... 748 4 18.0 » (225 » )
PMV 2 ..... 764 + 8.1 » ( 44 » )
PMV 3..... 747 £12.2 » (76 » )
Aver. (Total) 754 4 14.4 » (437 » )

The thickness of the rods was about 15 mu. The
virus preparations were made from legumes,
usually peas and broad beans.
TavLor (1968) has also found variations in

sometimes
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particle length between wvarious bean yellow
mosaic virus isolates, and even in one isolate,
depending on the host plant from which the
virus was obtained.

70
i"j 60
250
]
S 40
‘G 30
@ 20
E
5 o4
2
Q90 0g 09 o o
SRRz 83 lengthinmp 2 B
BYMVand PMV isolates BCMV |

Fig. 8. Length of virus particles of bean yellow mosaic
virus isolates BYMV and PMV and bean common
mosaic virus
Kuva 8. Pavun keltamosaiikkivirusisolaattien BY MV ja PMV~
sekd pavun mosaiikkiviruksen pituusjiakantuma



Table 13. Thermal inactivation point and longevity of bean yellow mosaic virus isolates in plant sap and purified
in vitro at various temperatures and in frozen plants
Tanlukko 13. Pavun keltamosaiikkivirus-isolaattien limminsietokyky ja siilyvyys kasvimebussa ja pubdistettuna in vitro eri lim-
pétiloissa sekd jidtyneissd kasveissa

Treatment Infected/inoculated plants — Infektoituncitalinoknlvitnia kasveja
Kasittely BYMV PMV 1 PMV 2 ‘PMV 3 | PMV 4
Crude sap — Kasvin puristemebn
A Conttol — Kontrolli ...................c... + 26/26 + 56/58 + 24/24 | + 35/36 | 4+ 16/16
10 min 50°C . ... + 24/25 -+ 45/57 4+ 21/22 | + 26/32 | 4 15/15
52 e + 22/22 4+ 18/18
54 e + 20/20 + 16/16
1S SO + 15/25 + 26/59 + 10/22 | + 11/37 | + 2/15
56 e + 17/18 + 16/17
58 + 20/22 + 19/19
60° L + 18/46 + 30/75 + 1/22 | + 4/47 | — 0/16
02° e e + 6/44 + 10/75 + 1/30
64 PN + 122 +  2/17 — 0/31
65 e — 0/15 —  0/16 — 0/23 | — 0/15 | — 0/15
66° e — 0/20 —  0/17
B Control — Konmtrolli ............. ..ot + 77 + 8/8 + 8/8
4+22°C 12 h—7¢ it + 8/8 + 10/10 -+ 8/10
1day—ork ........ocoon.... + 5/5 +  6/6 4+ 3/9
2days—ork ... + 77 +  6/6 — 0/8
4 » P —  0/6 — 0/8 — 0/6
7 » N — 0/5 — 0/6 — 0/5
C Control — Kontrolli ....................... + 77 4+ 8/8 + 8/8
+4°C l1day—owrk .................. + 9/9 -+ 9/9 4+ 10/10
’ 4 days—ork ..., + 777 + 8/8 4+ 2/9
7 » D e e + 77 + 5/5 + 1/6
14 » N 4+  9/9 + 4/8 + 1/5
30 » o +  2/7 —  0/7 + 4/6
60 » D N —  0/7 — 0/5
Purified — Pubdistettuna
+4°C 8 months —&& ................. -+ 4/4
12 » D e +  6/9 +  2/8
In plants — Kasveissa
—20°C Yo yr — v e + 2/3 + 2/3 + 1/3
1 » D e — 0/3 + 1/9 — 0/3
2 VIS — 7 e 4 1/6 —  0/2

The length of the bean common mosaic virus-
particles (isolate BCMV 1) averaged 627 4 5.3
my, the limits of variation being 580—680 my
for 63 particles measured. According to informa-
tion in the literature (BRANDES and QuanTtz 1955,
QuanTz 1962), the length of the virus particles

is 750 my, so the present BCMV isolate proved.

to be considerably shorter than the bean common
mosaic virus-particles previously described.

Thermal inactivation  of the viruses. Thermal

inactivation of the bean yellow mosaic virus
occurred at 64°C for the isolate BYMV (Table
13). The sap expressed from 'a virus-infected
plant was no longer infectious after 10 min, at

66°C. The thermal inactivation point for the
PMV 1 was 64°C, and for the PMV 3 62°C. Ac-
cording to earlier studies (HAGEDORN and WarL-
KER 1950, Quantz 19562, 1962, Nour and Nour
1962), the thermal inactivation point of bean
yellow mosaic virus varied from 60 to 65°C.
According to CorBErT (1958), it was somewhat
lower, i.e. 58—60°C.

At room temperature (c. 4-22°C) the infecti-
vity lasted 2 but not 4 days for the BYMV and
the PMV 1, and 1 but not 2 days for the PMV 3.
According to the information in the literature
referred to above, the longevity of bean yellow
mosaic virus-strains in vitro vatied between 24
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Table 15. Serological comparison of bean yellow mosaic virus, pea mosaic virus and bean common mosaic virus
Tanlukko 15. Pavun keltamosaiikki-, herneen mosaiikki- ja pavun mosaiikkivirusten serologinen veriailu

Antiserum titresY) — Antiseerumitiitierit?)

‘Test-tube precipitation test I Test-tublc precip. test IT .Droplet precipitation test
Koeputkipresipitatiokoe I Koeputkipresipitatiokoe IT Pisarapresipitatiokoe
Vitus Host plant
Virus Isintikasvi AS/BYMV AS{PMV AS[PMV AS/BYMV AS{PMV
ok o oY T S I D £ o ok o I + +4+) + +++| ++| + +++| ++| +

BYMV P.oulgaris ..| 64| 512| 2048{1024 ' 2048] 2048 64| 5121 2048 16| 64| 256 8| 32[1024

» V. faba .... 8| 64| 256| 8| 64| 256
PMYV 1 P. sativum ..|1024|2 048|> 2 048|2 048|> 2 048|> 2 048| 512{8 192| 16382| 16| 64| 512/ 32| 128|1 024
BCMV P. vulgaris .. . 16| 64| 512 16| 64| 512

Degree of precipitation: + - heavy — voimakas
Presipitatiovoimakkuus: + 4 distinct — selvi
) ’ + weak — selvd

and 84 hours. In the refrigerator at |4°C the
BYMYV and PMV 3 retained their infectivity in
expressed sap for 30 days, and the PMV 1 for
14 days, and as purified preparations for 12
months. In deep-frozen plants (—20°C) the
PMYV 1 sometimes temained infectious as long
as 2 years but ordinarily for }/,—1 year.

In the dilution end-point tests the bean yellow
mosaic virus BYMV was found to retain its
infectiousness in as high a dilution as 10 -3, the
PMV 1 and PMV 3 in 10 -4 and the PMV 2 in
10 -2 (Table 14). The species of host plant was
found to affect the virus content of the plant and
thus the dilution end-point, the sap with the
highest virus content coming from pea and that
with the lowest from French bean (cf. p. 40).
Dilution with water produced as good a result
as dilution with phosphate buffer. Other workers
too (HaGgeporN and WALKER 1950, QuanTtz
1956a, CorBETT 1958, and Nour and Nour 1962)
have found the dilution end-points of bean
yellow virus to vary between these limits.

Serological tests

A close serological trelationship has been es-
tablished between bean yellow mosaic vitus and
bean common mosaic vitus (BEEMSTER and VAN
Der Wanrt 1951, Bercks 1960) and between
bean yellow mosaic virus and pea mosaic virus
(GoopuILD 1956, SCHROEDER and PROVVIDEN-
11 1966, TAYLOR 1968).

The antisera AS/BYMV and AS/PMV (see
p. 12) prepared for the bean yellow mosaic virus
BYMYV and the pea mosaic virus PMV 1 were
used in the comparative tests conducted. In
examining the results, it should be noted that in
all the tests (cf. p. 42) the BY MV content proved
to be lower than the PMV content in the plants
or, at least, in the virus suspensions purified
from them. The titre of the AS/BYMYV antiserum
was likewise, and obviously for the same reason,
lower than that of the AS/PMV antiserum.
Taking these factors into accouant, it can be seen
that all three viruses investigated, i.e. BYMYV,
PMV and BCMYV, reacted to an equal degree
to both antisera AS/BYMV and AS/PMV
(Table 15) and thus proved to be serologically
strains of one and the same species of virus

(cf. pp. 20 and 44).

Purification from plants

Comparison of methods of purification. For the
isolation of bean yellow mosaic virus from plants,

. several different methods were tested, all of

which included centrifugation (for 1—5 times)
as‘a final step. When the progtess of the virus
was tested in the various stages of the purifica-
tion process, it was found that the pellet to be
discarded after the low-speed centrifugation
contained a2 large amount of virus and was
infective. All the virus was sometimes lost at
this stage. TavrLor (1968) has recently found
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Table 16. Suitability of various methods

of purifying bean yellow mosaic viruses

Taulukko 16. Eri pubdistusmenetelmion soveltuvuus pavun keltamosaiikkivirusien pubdistamiseen

Successful purifications telative to performed | Flants infected by vir. prep. Purity of
Pubdistuksisia onnistunut tebtyibin verratt. . dllumt{ 1:100 vir.prep.
Purification method Vir.prep. laim. 1: 100 Virusprepar.
Prubdistusmenetelmi PMV 1 BYMV aver. — keskim. mfekml:’u: kasveja pubtaus
no. — kpl % PMV 1 BYMV 0—3
Ether-CCl, — Eetteri-CCly .....cov... .. 12/13 10/10 96 74 63 3
Chloroform-buthanol — Kloroformi-butanoli 2/4 474 75 27Y ©1002) 3
Heating 10 min. 45°C +- centrifugation —
Kuum. 10 min. 45°C + senirifugointi . .. 7/8 4/5 85 69 70 2
Frozen 3 Y% K,HPO, 4 sentrifugation —
Jaid. 3 % K,HPO, + sentrifugointi .. 2/2 0/1 67 77 0 2
Polyethylene glycol (PEG) — Polyetylen-
glykokolli (PEG) ........ccoviuunn.. 2/3 1/1 75 63 67 3
8 9% buthanol — 8 % butandli ........... 2/2 1/1 100 23 35 1
Ammonium sulphate — Ammoniumsulfaatti 2/3 — 67 61 — 1
Ether — Eetferi .....cvviiiineiinnn.n 2/2 — 100 86 — 1

1) pea plants — berneesti
2) bean plants — pavusta

Table 17. Serological comparison of purification methods by precipitation tests
Taulukko 17. Pubdistusmenetelmien serologinen vertailu presipitatiokokeissa

Virus titres — Virustiitterit )
Test-tube Droplet PMYV from pea — PMV herneesti
BYMY from b‘::fm BYMY from ;:a test-tube droplet pre- droplet pre-
BYMV Pﬂl}l[_rla BYMV herneesti precxpxtat{on Cl?lta(loﬂ. Slplltﬁtloﬂ :
Roeprtki- pisarapresi- lanejhzu.tht Dpisarapresi- isarapresi-
presipitatio Ppitatio presipitatio pitatio 1 pitatio IT
ol |+ b A |+ | e L [ L+ e+
Ether-carbon tetrachloride
— Eetteri-hiilitetrakloridi . 0l 32|1024| 128 |> 512|> 512 0| 32| 64 0 512|>512 32128(512
Heat 45°C diff. centrif. —
Kunm. 45°C-diff. sentrif. .. 8| 32(|1024| 32| 256> 512 0| 32| 512| 32>512|>512 0| 16| 64
Chlotoform-butanol — Klo-
roformi-butanoli ......... 0 01024 o0 128 512 0 0| 32 0| 256|>512| —| —| —
Polyethylene glycol — Poly-
etylenlykokolli ........... —| — — — — —_ - - -] — — —| 16| 32256

Degtee of precipitation: + + - heavy — voimakas
Presipitatiovoimakkuus: -+ distinct — selvi
+ weak — heikko

that a phosphate buffer increases aggregation
of the bean yellow mosaic virus, and that it is
better in this tespect to use a borate buffer during
purification. But the present tests revealed no
difference between these buffers in respect of
vitus aggregation. When BYMV was purified
from broad bean by the freezing +3 % K,HPO,
method, a high proportion of the virus was lost
in the subsequent differential centrifugation ir-
respective of which buffer was used.

The ether-carbon tetrachloride method (WET-
TER 1960) usually produced an infective (Tables
16 and 20) pure bean yellow mosaic virus prepa-
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ration- which precipitated well with antiserum
(Tables 17 and 19). A preparation of good con-
centration (Tables 16 and 17) but lesser purity
than the previous was obtained by heating virus-
containing expressed sap for 10 minutes at 45°C
and then spinning down at low and high speeds
alternately. The purity was determined mac-
roscopically and microscopically. The chloro-
form-butanol method (SteErRE 1956) produced
a pure (Tables 16, 17 and 20) preparation but
with a low content of bean yellow mosaic virus.
The virus was occasionally lost entirely during
putification, especially during the purification



Table 18. Bean yellow mosaic virus content of various legumes in the light of agglutination tests
Taulnkko 18. Erdiden palkokavien pavun keltamosaiikkivirus-pitoisuus agglutinatiokokeiden valossa

Agglutination 0—3
Agglutinatio 0—3
. Test 2 Test 3
Host plant and virus isolate Test 1 — Koe ] Koe 2 Koe 3
Isintikasvi ja virusisolaalli
Antisera — Antiseerumil Average ‘for anti'scm
k.d. aniiseerumeisia
AS/PMV 1 | AS/PMV 2 | AS/BYMV | ASfav.-ka. | AS/PMV 2 and -ja BYMV
Pisum sativum
English sword — Englannin miekka
Healthy — Terve «oovvvveniiiiiannnes 0.5 0.5 0 0.3 0.2 0
PMV 1 oot 3.0 3.0 2.0 2.7 1.9 2.7
PMV 2 ciiteiiieiianiinaeannns 2.0 2.0 2.0 2.0 1.9 2.3
PMV 3 titiiieeiiieniannennns — — — — 0.9 1.5
BYMY ottt iiai i 1.0 1.5 1.5 1.3 1.5 0.7
Trifolium pratense
Tammisto red clover — Tammiston puna-
apila
Healthy — Terve ..oovevvennvenenne. 0 0 0 0 0.2
PMV 1 oot iiiea i 1.0 1.0 1.5 1.2 1.7
PMV 2 ottiiieiiinriiiniaanses 1.0 1.0 1.0 1.0 1.4
PMV 3 oottt — — — — 0.1
BYMY ttiiiitiiii i 2.0 2.0 3.0 2.3 1.6
T. hybridum
Tammisto alsike clover — Tammiston
alsikeapila
Healthy — Terve ..ovoveveninennninns 0 0 0 0 0.1
PMV 1 ot iiiiiiiiiinnnaenns 1 1 1 1.0 1.0
PMV 2 ottiiiieiianiiinaanen 1 1 0.5 0.8 0.8
PMV 3 i — — — | — 0.6
BYMYV ottt 0.5 0.5 1.0 0.7 0.9
Phaseolus vulgaris
Konserva
Healthy — Terve ...ovvvvvnnineennn, 0.5 0.5 0.5 0.5
BYMY ittt iiiianan s 1.0 1.0 1.5 1.2
BCMYV i iiiiiinrieenanennceennns 0.5 0.5 1.0 0.7

of PMV isolates from pea plants (cf. BANCROFT
and KagsBerGg 1959). But the result was fre-
quently quite good when BYMV was purified
from bean. Good virus preparations were ob-
tained by the chromatographic polyethylene
glycol (PEG) method (Table 16) (HERBERT 1963,
Venexamp and Moscu 1964), but it is a laborius
one. When the viruses were separated from
frozen plants by adding 3 % K,HPO, and then
centrifuging the expressed sap several times
(Stanrey 1940, KnigaT 1963), the result was a
virus-containing but rather impure virus prep-
aration (Tables 16 and 20). A similar result was

obtained when the ammonium sulphate and ether
methods wete used. The 8 %, butanol purifica-
tion (ToMLINsON et al. 1959) gave a poor result.

Effect of host plant. The dilution end point
tests (p. 37) showed the content of bean yellow
mosaic virus to be greater in pea than in broad
bean. The concentration of BYMV was the
same in bean as in broad bean, or somewhat
lower (cf. Bercks 1960). The agglutination of
BYMYV was also somewhat lower in sap expressed
from bean than in sap expressed from pea, where
the agglutination of pea mosaic viruses (PMV
1 and PMV 2) was quite great (Table 18). The
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Table 19. Comparison of vitrus contents of bean yellow mosaic and bean common mosaic-virus preparations purified
by the ether-CCl, method from various host plants in precipitation tests with the antiserum AS/PMV
Taulukko 19. Eri isintikasveista eetteri-C Cly-menetelmilli pubdistettujen pavan keltamosaiikki- Ja pavun mosaiikkivirus-
Dreparaattien viruspitoisunden vertailu presipitatiokokeissa antiscerumilla AS [PMV

Antigen titres 1) — Antigeenitiitteris X)

with virus isolates — sirasisolaateilla

Host plant with healthy
Isantikasvi terveilla PMV 1 BYMV BCMV
R e T T Y = e |+ |+
Pisum sativum
English sword — Englan-| 16 3211024 32| 204816384 0 8! 256 — — —
nin mickka ...........
Vicia faba
Pirhonen .............. 0 0 0] 32 256 (16 384 8 3212048 — — —
Phaseolus vulgaris
Express ............... 0 0 8| — — —| 32| 128| 1024| 256| 512| > 512
Konserva ............. 8| 128| 512 — — — | 32| 256|1024| — — —
Cita ................0. 0 8 32| 16| 8192(16384| — — —| 16 64| 2048

Precipitation: + 4+ heavy — voimakas
Presipitatio: + + distinct — selvi
-+ weak — heikko

bean yellow mosaic virus strains were therefore
purified from pea for most of the tests. But it
was difficult to remove the pea proteins com-
pletely from the virus preparations without loss
of an unreasonable amount of virus. The pea
mosaic virus antisetum AS/PMV which was
produced by injecting virus suspensions purified
from pea into rabbits therefore contained anti-
bodies to healthy pea also (Table 19). The puri-
fication of bean yellow mosaic viruses from
broad bean, which is probably the most common
practice (BErcks 1960, TavrLor 1968), was ad-
versely affected by the formation of dark pig-
ments caused by oxidation of phenol. Addition
of 0.2 %, ascorbic acid or sodium sulphite during
or immediately after the leaves wete crushed
(WeTrTER 1960) did not always prevent blacken-
ing of the preparation, which it was impossible
to remove at a later stage of purification. Al-
though the virus content was lower in bean than
in pea (cf. p. 37, Table 18), the bean did yield
good preparations (Tables 17 and 19).

- The preparations of bean yellow mosaic virus
obtained from virus-infected red clover by four
different methods
infective, although agglutination tests showed
that the BYMV content in particular was as high

of purification were not
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in red clover as in pea and far higher than in bean
(Table 18). True, the degree of agglutination
vatied greatly between different specimens

% of plants with degree Average

Virus of agglutination aggluti-
nation
£+ A+t 03
PMV1........ 34 45 20 1 1.1
PMV 2 ........ 66 12 19 3 0.9

of clover, and it was likewise found that a single
virus isolate would cause symptoms of greatly
varying degree in heterozygous clovers even
when these belonged to a single variety (cf. p. 21).

Virus preparations obtained from different
host plants were also compared with one another
in terms of the quantity of serological precipi-
tate during a later stage of the study. According
to the antigen titre (Table 19), the PMV content
was about the same in preparations made from
pea, broad bean and Cita bean. The BYMV
content, to judge from the antigen titres, is
lowest in the preparations obtained from pea and
slightly better when purified from bean than
from broad bean. During the work it would
clearly have been of advantage to purify BYMV
from bean or broad bean and not from pea.
True, the serological precipitation comparisons



Table 20. Content of bean yellow mosaic virus (PMV 1) in various organs of pea plant, compared in terms of infectivity
Taulukko 20. Pavun keltamosaiikkivirus (PMV™ 1) -pitoisuus herneen eri osissa infektiokypyn perusteella vertailtuna

No. of infected/inoculated plants (infection %) — Infekioituncitalinokuloituja kasveja kpl (infektio-%,)
Infecteda;a‘f, dgltzt};t:iﬁcation plant parts from which virotic sap taken — berneenosat, foista viroottinen mebu periisin
;:ZZZ%:% ';:,-}],Z;”;‘: flowers leaves petioles stems roots whole palnt
kukat lebdykdt lebtirnodit varret SJunret koko kasvi
Crude sap — Puristemebu
L oo 44 5/6 5/5 5/5 4/5 23/25
1070 6/6 4/4 6/6 6/6 212 2424
1072 oo 3/3 5/5 4/4 616 5/5 23/23
1078 Lo 4/4 4/4 5/5 5/5 5/5 23/23
17/17(100) | 18/19(95) | 20/20(100) | 22/22(100) | 16/17(94) (98.0)
Virus suspensions — Virus- .
suspensiot
frozen — jéidd.
+ 39 K,HOP,
1010 T 3/4 4/4 44 0/4 11/16
1072 oot 6/6 4/4 5/5 0/5 15/20
108 oo, 0/5 1/5 2/5 0/6 321
107 Lo 0/3 0/5 0/5 0/5 0/18
9/18(50) | 9/18 (50)| 11/19 (58)|  0/20 (0) (39.5)
ether — cetteri —CCl,
1070 34 5/5 4/4 57 17/20
10 oo 6/7 5/5 4/4 5/6 20/22.
1070 o 1/6 3/4 3/4 1/6 8/20
104 o, 0/3 1/5 3/6 0/5 4/19
10/20(50) | 14/19 (74)| 14/18 (78)| 11/14(46) (59.3)
chlorof. — butanol — klorof.
-butanoli
1071 1/5 3/4 6/6 1/4 11/19
1072 .. 0/5 2/6 1/4 0/5 3/20
100 ..o 0/6 0/5 0/5 0/4 . 0/20
1074 0/6 0/5 0/4 0/3 0/18
1)22 (5) | 520 25)| 7/19 (37)|  1/16 (6) (18.2)
low speed pellet 10-1—
sakka hitaista kierrok. 10-1 2/3 4/5 1/3 616
crude sap and vitus prep. F coefficient 5.5%
infected in average % — F-arvo
puristemebu  ja virusprepa- LSD
raatit infekltoivat keskim. %, 49.8 62.2 68.1 36.6 PME 19.29,

were made with preparations that had been ob-
tained by purifying the virus from plants grown
in December and January, at which time the pea
plants obviously suffered more than bean and
broad bean from shortage of light (cf. p. 10).
The dilution end-point tests, according to which
the BYMYV content was higher in pea than in the
others, were made in March and April.

The virus content in different organs of the pea
plant. Barly on in the study, only the cleatly
mottled leaves were gathered from the virus-
infected plants when virus material was required
for sap inoculations and purification of viruses.
In a test made in spring 1965, a comparison was
made between the virus contents of the different

6 5532—70

organs of a pea plant infected with pea mosaic
virus (PMV 1). No differences could be found
in their virus contents, to judge from the infec-
tivity of the dilutions (1—10-%) of the saps
expressed from the flowers, leaves, petioles,
stems and roots (Table 20). According to the
purification results, the virus content was actu-
ally greater in the stems and petioles than in the
leaves. The difference was significant in both the
ether-carbon tetrachloride and chloroform-buta-
nol putifications. The virus content of the
preparations made from the roots in the 3 9%,
K,HPO, and ether-CCl, purifications was signi-
ificantly lower than the virus contents of the stem
and petiole preparations. The virus disappeared
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Table 21. Effects of the strain of bean yellow mosaic virus and of the time elapsed since infection on the virus content
of the virus preparation

Tanlukko 21. Pavin keltamosaiikkivirusrodun ja infektiosta kuluneen ajan vaikntus viruspreparaatin viruspiloisunteen

Days since Tnebissims oobsins o Lestons/lesf
L infection e . o X \ ot C. amarani.
Vlfus 'lsolat(.! in plant Punﬁc.atlon mcth(id Dlll/u.txon of virus preparation Laikkaja|C.
Virusisolaatti Infektiosta Pubdistusmenetelmi iruspreparaatin laimennos amar. lebti
Frdunut vk dilut. — Jaim.
1:10 1:100 1:100
PMV1 ................. 18 heat. 45°C+-centr. 6/6 2/6 10.8
kaum. 45°C+sentr.
PMV 1 ... ... 18 ether. —CCl, 5/5 5/5 23.6
PMV 1 ...t 11 eetteri —CCly 1/6 0/5 0.6
PMV 2 ............. ... 11 » 1/5 0/5 0.5
PMV 3 ... L. 11 » 3/7 1/5 41.9
PMV 4 ... ............ 11 » 5/5 4/5 33.5
BYMV oo, 11 » 1/4 0/7 1.8

entirely in the chloroform-butanol purificatiomn.
The result was thus distinctly pooter than that
obtained by Forp (1964) from the roots of pea
plants infected with clover yellow mosaic and
pea streak viruses. By comparing the various
purification methods in this connection, it will
again be found that the ether-CCl, method pro-
duced the best result, especially when purifying
viruses from roots. When the results are com-
-pared in terms of serological precipitation
strength, they read as follows:

Degree of precipitation (—— +--f--}-)
with AS/PMV dil 1:64

virus-infected pea

Purification

method healthy
roots pealeaves

leaves stems

freezing +3% K,HPO, ++ ++ — —
ether-CCly ............ + 4 ++ + +
chloroform-butanol .. .. + + + +

The positive reaction of the preparation purified
from roots by the chloroform-butanol method
was an exception. After this test the infected
plants used for extraction of virus were always
gathered with their stems.

Effects of virus strain and time elapsed since infec-
tion. The most favourable time for harvesting
virus-infected plants varies even within the
different strains of a single species of virus. Peas
inoculated with the bean yellow mosaic virus
isolates PMV 3 and PMV 4 began to wilt 10—12
days after inoculation, and consequently had to
be reaped. For purposes of comparison, peas
infected with PMV 1, PMV 2 and BYMV were
harvested at the same time, ie. 11 days after
incculation. The virus strains were purified by
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the ether-carbon tetrachloride method. It ap-
peared from the control inoculations made in to
pea and Chenopodinm amaranticolor with dilutions
1:10 and 1:100 of virus preparations that the
virus concentrations of PMV 3 and PMV 4 were
clearly greater than those of the others (Table 21).
The virus concentration of the purified prepara-
tion from pea infected with PMV 1 was also
quite high 18 days after infection. Judging from
the time elapsed at which the symptoms appeared
the virus isolates PMV 2 and BYMYV reacted in
the same way as PMV 1, and these viruses were
generally purified 16—22 days after infection.

The concentrations of the isolates PMV 1,
PMYV 2 and BYMYV in the saps expressed from
pea differed from each other in respect of the
degree of agglutination (Table 18) in roughly
the same proportion as the severities of symp-
toms caused by them in pea (cf. p. 21). The sero-
logical reaction of PMV 3 is weak, despite the
severity of the symptoms and the high virus
content of the expressed sap (Table 21). Clearly,
the reason was the rapid yellowing and wilting of
the pea plant caused by the virus, This made it
difficult to obtain expressed sap, and to get a
visible agglutination with the sap containing
only a few chloroplasts.

Translocation and increase of virus within pea plants

Tests were made with the virus-susceptible
English Sword pea of the translocation of pea
mosaic virus from a mechanically inoculated



leaf to the other parts of the plant, and of the
inctrease of it in the inoculated and other leaves
to the point where the sap expressed from these
is infective. During the test the temperature in
the greenhouse was --25°C 4-2.3°C. It appears
from the results (Fig. 9) that 6 9, of the plants
from which an inoculated leaf had been removed
with sterilized scissors 6 houts after inoculation
had become infected. In some 20 % of the pea
plants, the virus was moved from the inoculated
leaf to the other parts of the plant in 12 hours,
and in most of the pea plants within 48 hours.

In 4—5 days the virus multiplied in the in-
oculated leaves to the point where infective sap
could be expressed, and, in the same period of
time, the virus had moved from the inoculated
leaf to the next leaf above and multiplied in it
in an almost infective quantity (cf. RErLiNG and
King 1965). This occurred at the stage when
symptoms of vein chlorosis were hardly percep-
tible, i.e. before the virus had actually caused
any changes in the plant that could be seen with
the naked eye.

%infected

Cross-protection tests

Tests were made with the various strains of
bean yellow mosaic virus, i.e. BYMV, PMV 1,
PMV 2, PMV 3 and PMYV 4, and with the bean
common mosaic virus BCMV 1, regarding their
degree of cross protection.

Interpretation was difficult, because these
viruses caused only systemic symptoms in most
of the indicator plants (cf. Crotalaria spectabilis,
p. 23, CorBerT 1957), and only local lesions in
the Chenopodinm amaranticolor and C. quinoa
plants. The bean yellow mosaic virus isolates
differed from one another, however, in respect
of the severity of the symptoms they caused in
pea, and the BYMV isolate and the bean common
mosaic virus in that of bean (cf. pp. 22, 25), which
allows certain conclusions to be drawn. The
results were further checked by back inoculations
to pea and bean. They are expressed as protection
percentages (Table 22), which means the per-
centage of inoculated plants that are infected
with the first inoculate only. When the second
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Fig. 9. Translocation and increase of bean yellow mosaic virus isolate PMV 1
within pea plants. A = peas from which the inoculated leaves were removed
X days after inoculation, B = peas which are inoculated with sap expressed
from the removed leaves (A) X days after the first inoculation, C = peas
which ate inoculated with the leaf pair above the first inoculated leaf (A)
X days after the first inoculation
Kuva 9. Herneen infektoitumisnopens pavun keltamosaiikkiviruksella PMV 1.
A = herneet, joista inokuloidut lehdet poistettn X vrk:n kuluttuwa inokuloinnista,
B = herneet, jotka inokuloitu poistettujen alunperin inokuloitujen lebtien (A) puriste-
mebulla X vrk:n kuluttua niiden inokuloinnista, C = berneet, jotka inoknloitn ino-
kuloidusta lebtiparista (A) senraavan lebden puristemebulla X owrk:n  kulutina
ensimmdisestd inokuloinnisia
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Table 22. Mutual cross-protection of bean yellow mosaic virus isolates and bean common mosaic virus
Tanlukko 22. Pavun keltamosaiikkivirusisolaattion ja pavun mosaiikkirivaksen keskindinen sugjavaikutus (cross protection)

Protection % 1) — Swoja-%, 1)
Virus isolate 1st inoculation{2nd inoculation No. of days from 1st to 2nd inoculation
1.inokulsitu|2.inokuloitn virusisolaatti 2. inokulointi vrk 1:50G

2 7 ' 10 I 12
BYMVPMV 1 Pisum sativam ..........ccoueeiiuunnunennnnon.. 20 20 — 100
BYMV/PMV 3 » D e et — 83 — 100
BYMV/PMV 4 » D e — 100 — 100
BYMV/BCMYV Phaseolus vulgaris ............ 0.0 iiiiuiiii.. — — (0) 2 —
PMV 1/BYMYV Pistm Sativhin .........cvueuiuneeeannnnnnnnnnn. 82 100" — —
PMV 1/PMV 3 » D e e e i e — 100 — —
PMV 2/BYMV » e e e e — 100 — —_
PMV 2/PMV 3 » D e et ae e e 22 65 — 100
PMV 2/PMV 4 » D e e et — 40 — 100
BCMV/BYMYV  Phaseolus vulgaris ...........ccuiiiuerannnnnnns. — — 100 —_

) % of plants infected by 1st inoculate only. When 2nd inoculate was PMV 3 or PMV 4 the results was based on
symptoms; with other viruses it was based on the results of transmission back to pea and bean plants.

%) Result uncertain. Plants wilted soon after 2nd inoculation.

1) % kasveja, jotka infektoituivat vain 1:selli inokulaatilla. Kun 2. inoknlaatti oli PMV 3 tai PMV 4, perustui tnlos symplo-
meibin, muilla viruksilla berneelle ja pavulle tehtyjen takaisinsiirrostusten antamaan tulokseen.

%) Tulos epivarma, kasvit kuibtuivat pian 2. inoknloinnin jilkeen.

inoculate was PMV 3 or PMV 4, the result was
based on the symptoms, i.e. the number of
unwilted specimens, while when it was another
virus the result was based on the results of back
inoculation to pea or bean.

The bean yellow mosaic virus had already
spread in the plant within two days to such an
extent (cf. p. 43) that it could in some degree
(Table 22), and with PMV 1 in up to 80 %, of
the plants, prevent their becoming infected with
another isolate of bean yellow mosaic virus. In 7
days the protection effect had become almost
absolute. Yet even then the BYMYV did not
completely prevent the infection of the plants by
the isolates PMV 1 and PMV 3, nor PMV 2
infection by the isolates PMV 3 and PMV 4,
and in many cases both the virus-strains inocu-
lated could be isolated. The protective effect was
absolute after 12 days. These results are consist-
ent with those reported by some research
workers (HAGEDORN and WALkER 1950, Cor-
BETT 1957, Muerier and Keenic 1965),
although these workers used a longer period,
usually 3—4 weeks, between the first and the
second inoculation.

The protective effect of bean common mosaic
virus against the bean yellow mosaic virus
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BYMYV was easily established by means of back
inoculation to pea plants. The reverse effect
remained uncertain, for all the beans that had
been severely infected by BYMV by the time
when the BCMV inoculation was made wilted in
a few days and had evidently then been infected
with both viruses. GRoGAN and WaLKER (1948)
found that BCMV protects the plant against
BYMYV infection after 8—10 days, but that
BYMYV protects it against BCMV after 12—14
days only.

The results support the view derived from
serological test results that pea mosaic virus is a
strain of bean yellow mosaic virus, and that bean
common mosaic virus should also be regarded
as belonging to this same group.

Transmission of the viruses
Sap transmission

Bean yellow mosaic and bean common mosaic
viruses are fairly easily transmitted in sap. If sap
inoculation by leaf rubbing with inoculate diluted
with phosphate buffer and plants dusted with
carborundum did not lead to 100 9, infection,
the reason lay in a characteristic of the species
or variety of test plant. Red clovet, for instance,



was not so thoroughly infected by leaf rubbing
as by aphids (cf. p. 32). The broad bean variety
Pirhonen was more easily infected than was
Hangdown. .

The differences in susceptibility to infection
through virus-containing plant among the
various plant species became clear when the
PMYV inoculation was done with a pressure spray
in order to speed up the inoculation of large
numbers of plants. 85 %, of the peas, 54 %, of the
alsike clover and a mere 8 9, of the red clover
were infected. The result was poorer than that
obtained by RicrarDs and MUNGER (1944) with
bean and cucumber, or by McKmney and
Ferrowes (1951) with wheat.

External conditions, temperature, light and
nutrients have an effect upon the infection of
plants (Kassanis 1952, JorNsON 1964, SiNncH
and BuarcAva 1965). Shading of the plants
prior to inoculation caused an increase in the
infection of Alaska pea with bean yellow mosaic
virus PMV 1, while subsequent to inoculation
it caused a decrease. The rate of infection was
30 9, for the unshaded plants, 51 9, for plants
shaded for 48 hours prior to inoculation, 65 %
for those shaded for 24 hours prior to inocula-
tion, and only 10 %, for plants shaded for 24
hours after inoculation.

Seed transmission

Large legume seeds. The spread of legume viruses
in large légume sceds, especially the spread of
bean common mosaic virus in bean seeds, is 2
phenomenon that has long been recognized
(Reppick and StEwarT 1919). Not-all plants
grown from the seeds of virus-infected plants
are themselves infected. Virus infection of the
seeds depends on the time at which the mother
plant was infected, and, according to HARRISON
(1935), varies between 0 % and 59 %. Bean seeds
of various provenarce were examined for virus
infection in the greenhouse tests conducted at
the Department of Plant Pathology in spring
1966. The quality seed of the Danish seed firm
Ohlsens  Enke and the Swedish firm Hammen-
hog was largely free of virus (Table 7, p. 28),
although this was admittedly assessed from a

rather small amount of matetial. The Finnish
commercial seed, which is chiefly procured from
these Scandinavian seed merchants, was some-
times highly infected (Table 7). Virus infection
was found in about 40 %, of the plant specimens
grown from seed of »Hundred for one», which
is widely cultivated in Finland and which comes
from the Clause seed firm in France. In summer
1968, it was found that-about 20 %, of the plants
in a large Watex bean crop were virus-infected.
The seeds had been obtained from the van
Weveren seed firm in Western Germany.

Bean yellow mosaic virus has not been found
to spread in French bean seed (e.g. PIERCE 1934).
ZaumeyER and WADE (1936) found that pea
mosaic virus had been transmitted in 3—4 %, of
the seeds of virus-infected pea plants. But in the
tests carried out by Hurr (1965) bean yellow
mosaic virus (BYMYV), pea mosaic virus PMV)
and pea enation mosaic virus (PEMV) was not
transmitted in the seeds of pea, broad bean and
sweet pea. BLaszczak (1966) found that narrow-
leavedness (evidently caused by PMV) was trans-
mitted to the seeds of yellow lupin but was
retained to the next growing season in some of
them only. In tests carried out at the Department
of Plant Pathology, bean yellow mosaic virus
strains was not transmitted in the seeds of pea
(approximately 200 seeds), bean (50 seeds) or
broad bean (100 seeds) taken from virus-infected
plants, unlike some spherical viruses in the seed
of pea and broad bean (cf. p. 84).

Small legnme seeds. On the initiative of VALLE
(Varce and Hivora 1962), seed production trials
with Finnish clover varieties were begun in Ca-
nada and the United States in 1956. Features of
imported seed lots have been studied in Helld trials
at the Department of Plant Husbandry at Tikkurila
since 1957. As a high prevalence of virus diseases
was discovered in clover at the same time, the sus-
picion arose that the viruses had been transmitted
to Finland with the seed (Tarro 1964, MATSULE-
vice 1957), especially as virus disease was
known to be prevalent in the North American
seed production areas (P1Erce 1937, HaNsoN
and HAGEDORN 1952, 1961, OsmiMa and
Kernkamp 1957).
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To study this question, 200 seeds per lot from
23 imported red clover seed lots and 3 imported
alsike clover seed lots, 5200 seeds in all, were
planted in multipots in the greenhouse in con-
trolled conditions. The germination percentage
was 75 for the red clover and 63 for the alsike
clover. The plants were reared for 3 moanths,
and no symptoms of virus disease could be found
in them. Subsequently, another 1975 red clover
seeds and 600 alsike clover seeds gathered from
vitus-infected plants at Tikkurila were planted.
The germination temperature was 15°C. No
symptoms of virus disease could be found in
this case either. However, no back inoculations
were done to establish whether they were free
of virus. StuTEVILLE and Hanson (1964 b) ob-
tained a similar result with material consisting
of 8300 seeds taken from virus-infected red
clover.

Notwithétanding the negative results, there
is constant cause to suspect that seed transmis-
sion does take place. In summer 1966, virus
infection was found in about 15 9% of the clover
plants in an one-year-old ley of 1 hectare, of
North American seed provenance, growing some
two kilometres from the trial fields at Tikkurila.
A similar observation was made in another more
distant ley in summer 1968.

It seems evident that the virus had been trans-
mitted to these crops via the seed, for according
to observations made over several years, aphids
did not spread bean yellow mosaic virus more
than 500 metres, at most, from the source of
contamination duting the growing season. Ex-
perimental results presented by Hampron (1967a)
also support this opinion.

Further, virus-infected clover specimens have
been found during several summers at Muddus-
niemi in Lapland in plots planted with seed of
North American provenance (RamiNko 1964,
SALONEN, personal communication).

During the last ten years it has been shown
conclusively that viruses are transmitted by
small legume seeds. Several research workers
(Zscuau and JANKE 1962, FROSHEISER 1964,
GisBs 1966) have published results concerning
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the transmission of alfalfa mosaic virus in lucerne
seeds (cf. p. 78). Positive results on the seed
transmission of viruses have also been obtained
in tests with red clover. Hampron (1963, 1967 2)
found that 4 different viruses were transmitted
in seeds of red clover. One of these viruses, an
anisometric 750 mp virus, was obviously a
BYMV. Hamrron and Hanson (1968) recently
published a report that provides a thorough clar-
ification of the transmission of virus in red
clover seed. In their test material they included
the Finnish diploid Tammisto red clover and
the tetraploid Tepa red clover cultivated for
increase in the United States for seed export to
Finland. The seed transmissibility, which did not
clearly emerge in the form of virus disease symp-
toms in clover seedlings, was ascertained in
control transmissions made to broad bean. It
varied between 7 %, and 28 9, in Tammisto red
clover, and was 25 9, for Tepa. The fact that
these seeds were of the same origin as those
imported into Finland from North America
confirms the opinions prompted by field ob-
servations.

A control test similar to the one described was
made at the Department of Plant Pathology at
Tikkurila in autumn 1968. From each lot of 8
red clover and 2 alsike clover superannuated lots
imported from Canada and the United States,
100 seedlings wete grown in multipots in controll-
ed conditions in the green house. Seed collected
in 1966 from virus-infected red and alsike clover,
at Tikkurila 50 seeds of each were included in
these trials. The observations were made 3
months post-planting, and control transmissions
by leaf rubbing were then made to broad bean
from each clover plant. The broad bean was
then examined for virus infection 2 weeks and 4
weeks after inoculation. Distinct virus symptoms
could be seen in only a few of the clover speci-
mens (0—3 9,), but indistinct and doubtful
symptoms in many, averaging 10 9%, (4—19 %)
(Table 23). On average, viruses were transmitted
to broad bean from 2.7 9, (1—4 %) of the alsike
clover and 2.1 %, (0—10 %) of the red clover.
Most of the infections were identified as due to
bean yellow mosaic virus (cf. p. 71).



Table 23. Spread of virus in seeds of alsike clover and red clover
Tanlukko 23. Virusten leviiminen alsike- ja puna-apiloiden siemenissd

Infection %, after symptoms on )
Seed lot Viroottisuus-%, symptomien perusteella *)
Apilansiemenerd clover broad bean
apilassa peltopavussa
T. hybridum
Tetra Canada/AZX-C ..ottt e e e 1 1
» » JAZX-COTK ittt e 1 3
Tamm1sto alsike clover 1/1966 Tikkutila — Tammiston alsikeapila .............. 3 4
Average — Keskimddrin 1.7 2.7
T. pratéme
Tammisto red clover — Tammiston puna-apila Canada/672A Ontario ........... 0 2
» » » 5-1468 » ...l 1 1
-» » »  2-3277 D P 0 0
» . » U.S.A. 5-TC 2 Pacific.......... 0 2
» » » 7-TC 20 D 2 2
» » » 7-TC 21A Oregon ....... 1 1
» » » 7-TC 22 S 2 1
» » » 7-TC 27 A 0 0
» » Finland 2/1966 Tikkurila ........ 2 10.1
Average — Keskimdirin 0.9 2.1

1) 100 seedlings — & 700 apilan tainta
Vectot tranismission

Many species of aphids have been found to
transmit bean yellow mosaic virus (OssornN 1937,
Cuaupaurr 1950, SwensoN 1954, 1957, Somr
and SwensoN 1964) and bean common mosaic
virus (ZAUMEYER 1933, Van Der WanNt 1954).
Many of these species are also found in Finland
(Herxinaemvo 1959). However, only those
species of aphids that occur in abundance on
legume plants should be regarded as actual
vectors, these being the pea aphid (A¢yrzhosiphon
pisum Harr.), the bean aphid (Apbis fabae Scop.)
and the peach aphid (Mygus persicae Sulz.). The
legumes most commonly cultivated in Finland,
clover and pea, are usually infested with the pea
aphid ‘only, in both its red and its green form.
The bean aphid is found on beans, and mainly
ont broad bean, which is hardly cultivated in
Finland at all. The peach aphid does not hiber-
nate in nature in Finland, and, originating in the
greenhouse, it occurs only in insignificant num-
bets on outdoor plants (Varrura 1962). The
ordinary potato aphid (Macrosiphon enphorbiae
Thos.) is more commonly found, but seldom on
legumes. The vetch aphid (Megonra viciae Buckt.)
occurred on broad bean and vetch at Tikkurila,
according to the author’s observations.

The pea aphid occuts in every continent and
is found in every contry in Europe (BEHLEN
1934, Hirie Ris Lamsers 1947, DunnN and
WricaT 1955, Heme 1961). It is common in
southern and central Finland (THUNEBERG 1962,
MarkkuLa 1963). It has also been found in the
northern parts of the country, the most northerly
record being from Muonio (app. 67°30°N).

According to MarkkurA (1963), the green
pea aphid is cleatly more common than the red
on clover. During the excursions made in sum-
mer 1965 to observe viruses and collect aphids,
a count made from 72 samples gathered from red
clover showed that slightly more than one half
of the pea aphids were red, the remainder being
green. On pea, only green aphids were found.
As it is known (WarsoN 1938) that pre-infection
starvation promotes the aphid’s ability to trans-
mit viruses, a test was made on the effects of
starvation upon the pea aphid’s ablhty to trans-
mit bean yellow mosaic virus.

Statvation, houts Infection %,  Significance by x* test
0 covveen. 0 1 '
1 6.3
2 6.3
3 e 12.5
4 . 12.5
L T 18.8
6 .oiiiinan 18.8
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Table 24. Ability of various aphid species to transmit bean yellow mosaic virus strains BYMV and PMV
Taulukko 24. Eri kirvalajien kyky siirrostaa pavun keltamosaiikkivirusrotuja BYMV ja PMV

Aphid species )

Infected/inoculated plants and infection %

Infektoituneitafinokuloituja kasveja kpl ja viroottisuus-%

Kirvalaji') PMV 1/P. sativum PMV V. faba BYMV/ P. vulgaris Average — Keskin.

No. - &pl/ % No. - &pl % No. - &p/ % %
Acyrthosiphon pisum ............. 59/711 8.3 3/20 15.0 5/36 13.9 12.4
Aphis fabae .................... 11/69 15.9 3/71 4.2 2/102 1.9 7.1
Megoura viciae .................. 0/16 0 0/82 0 0/7 0 0
Myzus persicae .................. 32/126 25.4 10/32 31.2 11/48 229 26.5
F-coefficient — F-arvoe .......... 34,9%*x
LSD — PME ..vvvsvnniiin, 9.09,

[ PMV 1/T. pratense BYMV/T. pratense PMV 3/T. hybridnm

A pisum i 5/52 9.6 7/48 14.6 6/48 12.5 12.2
M. persicae .................... 8/24 333 3/24 12.5 4/24 16.7 20.8
F-coefficient — F-arvo ........... 1.2

1) Acquisition feeding period (AFP) in all tests 20 sec., 5 mins. and 1 hour; test feeding period (TFP) 24 h.
Y Akvisitiosyintiaika (AFDP) kaikissa kokeissa 20 sek., 5 min ja 1 t; inokulointi syontiaika (TFP) 24 ¢.

The best tesult was obtained with 5—6 hours
starvation, for the differences were not significant
with 1—4 hours. According to some studies
(CockpAIN et al. 1963), winged bean aphids need
flight or starvation to effect a transmission of pea
mosaic viruses, but this did not prove necessary
for the peach aphid. ZrrrLER and WILKINSON
(1966) likewise found that 0—11 hours of
starvation did not affect the peach aphid’s
ability to transmit bean common mosaic virus,
but Kvicara (1963) found that it did increase
infection.

In the aphid transmission experiments per-
formed in the present study, all the aphids were
first placed in a gauze-covered box for 2—5
hours before being transposed to virus-infected
plants.

In a test with a very avirulent stock of pea
aphids, the wingless aphids caused slightly more
infection than did the winged aphids, but the
difference was not a significant one. Similarly,
among pea aphids aged 1, 2 and 3 weeks the
younger proved to be more effective vectors
than the older.

Pea aphids No.inffinoc.  Inf. % S;gzniﬁsl:y
winged varﬁying ages ..... 4/69 5.8 3.6
wingless  » » . 6/71 8.5
wingless ag?d 1 week .... 12/45 26.7 0.7
wingless aged 2 weeks.... 6/33 18.2 7 6%%
wingless aged 3 weeks.... 4/32 12.5
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The same result was obtained by Hinz (1966)
in experiments with pea aphids and pea enation
mosaic virus. It was attempted to use aphids
aged 1—2 weeks in the transmission tests.

Aphid species. When comparisons were made
of the ability of different species of aphids to
transmit bean yellow mosaic virus from one
plafit to another, it was found that the peach
aphid was’ 4 significantly more effective vector
than the pea aphid or the bean aphid in‘the case
of annual legumes (Table 24), (cf. SweENsoN 1954,
ADLERZ 1959, CockBAIN et al. 1963). The vetch
aphid (Megoura viciae Buckt.), which was found
on broad bean and vetch, did not transmit bean
yellow mosaic virus from one plant to another in
any of the tests carried out, although Sraxruris
(1967) and others teport it as a legume virus
vector. In transmissions done on red and alsike
clover, the peach aphid was more effective than
the pea aphid, but the difference was not a
significant one. As only the pea aphid is abundant
on clover and pea, it can be.assumed that this
aphid is the only important legume virus vector
in Finland.

Pea aphid siocks. There are differences not only
among the various species of aphids but also
among various stocks of a single species in
respect of virulence (MarRkxurLA and Roukxka
1970) and ability to transmit viruses (Hinz 1963,



Table 25. Ability of various pea aphid stocks to transmit bean yellow mosaic virus (PMV 1) from one legame plant
to another

Tanlukko 25. Eri hernekirvakantojen kyky siirtdi pavun keltamosaiikkivirusta (PMV 1) palkokasvista toiscen

Pea aphid stock — Hernekirvakannan
Infection’ Equivalent
location host plant colour Infek 5 i S voisia o
paikkakunta isintikasvi viri % for — Aun P=95 %
Leteensuo .......covvveviiiinnianienn. T. pratense red — pun. 25.4
Mikkeli «.vvviiiiniiin i, P. sativam geen — vibr. 23.8
Sadksmaki .....iiiiiiiiiii e T. hybridum red — pun. 19.8
Laukaa .......cccoiiiiiiiiiiiiiian, T. pratense green — vibr. 13.8
Mietoinen ......coviiiiiiiiiii.n, P. sativum green — vihr. 12.6
Lapua «.ovvvinniniiiiiieiiiiiiinnans T. pratense red — pun. 11.2
Jalasjarvi ..o » green — vibr. 9.5
Saarifdrvi ... e » green — vibr. 8.9
Seindjoki .......iiiiiiiiiiiii i » green — vibr. 8.3
SaarffArvi .. i e » red — pun. 7.9
YIOJALVE oevtniieiininienin e P, sativum green — vibr. 7.8
Tikkurila ....oovvuiiiiiiiiiiiiiiie T. pratense red — pun. 7.7
JAmMSE i e e it e » red — pun. 7.6
Kurikka ..o P. sativum green — vibr. 6.8
Korpilahti .....coviiiiiiniieiin T. pratense green — vibr. 5.3
Tikkurila ... ..o P. sativam red — paun. 341
Tikkurila ......cvviiiiiiiiiieen, » green — vihr. 2.8
Lahti oot » green — vibr. 1.5
Tkaalinen ..........cceveieiennnnnnnn. T. pratense red — pun. 0.9
Tkaalinen ........c.c.coeiiiieninninnnes » green — vibr. 0.5

Sour and Swenson 1964). Considerable differ-
ences (Table 25) appeared in the abilities of the
investigated 12 green and 8 red stocks reared from
pea aphids collected from various legumes to
transmit the bean yellow mosaicvirus PMV 1.

Effect of feeding periods. The effects of acquisi-
tion feeding periods and inoculation feeding
petiods on the transmission of the bean yellow
mosaic virus PMV 1 were studied with pea, bean
and peach aphids. In keeping with the results
obtained by other research workers (ADLERZ
1959, Kvicara 1963, SwensoN and WELTON
1966), a short acquisition feeding period of 20
seconds or 5 minutes proved to be more favour-
able than a long one of 1 hour or 24 hours
(Tables 26 and 29). Thete was no significant
difference in the pea aphid experiments between
the effects of inoculation feeding periods, i.e.
the test feeding periods, of various lengths (20
sec., 5 min., 1 hour and 24 hours). In the peach
aphid transmissions, the rate of infection of the
plants was greater when the aphid was allowed
to suck the test plant for 24 hours or 1 hour
than when the period was 5 minutes or 20
seconds, which differs from the results obtained
by SwensoN and WEeLToN (1966). In tests made

7 5532—70

with bean aphids, 20 seconds on the test plant
proved to be an insufficient period. There was
no significant difference between the longer
inoculation feeding periods.

Effects of host plant. Initially an examination
was made of the ability of red and green pea
aphids reared on various host plants to transmit
bean yellow mosaic virus (Table 27). Red pea
aphids reared on alsike clover were the most
efficient virus vectors, those reared on pea being
the least efficient and those reared on red clover
falling in between. Of the green pea aphids,
those reared on pea were more efficient than
those reared on tred clover. The effect of the
host plant used for testing transmission showed
the same tendency.

Infection % Difference, and its
Test plant pea aphid significance by
' green red % test
P. sativame ... 1.7 4.2 3.5%
T. pratense .. 9.6 13.1 3.5

In transmission from pea to pea the ability of the
green pea aphids to transmit the virus was signif-
icantly better than that of the red. On red clover
the red pea aphid was more efficient, although
not significantly so.
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Table 26. Effects of acquisition (AFP) and inoculation (TFP) feeding period on the abilify of aphids to transmit bean
yellow mosaic virus (PMV 1) from one legume plant to another
Tanlukko 26. Akvisitio- (AFP) ja inokulointi- (TFP) syintiaikajen vaikutus kirvojen kykyyn sijrtid pavun keltamosaiikki-
virus (PMV 1) palkokasvista toiseen

Intected/inoculated plants, infection %,
Infektoituneitalinokuloituja kpl, infekt.-%
Infection
Aphid species. Test feeding period Acquisition feeding period (AFP) average
Kirvalafi Inoknlointisyontiaika TFP Abkvisitiosyontiaika (AFP) Infektoitn-
20 sec. — sek. 5 mins. — min 1 hour—# 24 hours —¢ ZZZI{?
No.-&pl| % [No.-kpl| % |No.-kpl| % No.-&pl| 9
A. pisum
20 sec.—sek. .ol 1/16 6.5 5/52 9.6 0/16 0 0/12 0 4.0
5 mins. —min. .............. 2/20 10.0| 10/116 8.6 3/67 4.5 0/12 0 5.8
Thout—+# ..ooviviiiiiann, 37/375 9.9 35/431 8.1 17/393 4.3 0/12 0 5.6
24 hours — 7 ...........cunn 47/477 9.9 56/596 9.4| 18/473 3.8 2/73 2.7 6.5
Infect. % — Infekt. %
average — keskim. 9.0 8.9 3.2 0.7 5.5
F coefficient — F-arvo ........ 29,7%¥%¥ 1.4
ISD—PME ....cccovvnnnn. 2.4%,
A, fabae
20 sec. — el L.t 0/12 0 0/12 0 0/12 0 — — 0
5 mins.—min ... 3/12 25.0 0/12 0 1/12 8.3 — — 11.1
lhout—f ..oovvvnnnnnnnn.. 1/19 53| 2/20 10.0 0/19 0 — — 5.1
24 hours —7 ................ 1/14 7.1 3/21 14.3 1/19 5.3 — — 8.9
Infect. %, — Infekt. %, .
average — keskim. 9.4 6.1 3.4 6.3
F coefficient — F-arvo ........ 0.6 1.2
M. persicae
20 sec. —sek. ... .. P 2/16 12.5 3/17 17.7 0/16 0 0/16 0 3.5
5 mins. —min ... ... 1/15 6.7 11/16 25.0 1/15 6.7 0/16 0 9.6
Thour—z# ...t 1/16 6.3 6/16 37.5 0/16 0 1/16 6.3 12.5
24 hours — 7 .....c.cvvennnn. 3/16 18.8| 18/45 40.0] 17/54 22.2 7142 16.7 24.4
Infect. % — Infeks. %
average — keskin. 11.0 30.0 7.2 57 135
F coefficient — F-arvo ........ 66.0%** 38.5%*x
ILSD—PME .......ciunn.. 4.4%, 4.4%,

Table 27. Ability of red and green pea aphids (A. pisum)
grown on vatious host plants to transmit bean yellow
mosaic virus (PMV 1) from one legume to another
Tanlnkko 27. Eri isintikasveilla kasvanciden punaisten ja
vibreiden hernekirvojen (A. pisum) kyky siirtdd pavun kelta-
mosaiikkivirnksia (PMV 1) palkokasvista foiseen

Alsike clover, being susceptible to wvirus
disease and attractive to aphids, proved to be a
good test plant. The infection rate was signi-
ficantly higher when virus was transmitted from
alsike clover to alsike clover and to pea than

Pea aphids — bernekirvan Legume plants, Equivalent, .

1 P o infection% | forPos%  when transmitted from red clover and pea
colour (o} P! PATLnL . Iy Val'.fl' It » .

. e I a, . a t ible to transmit the
wird i, | s, (Table 28). It was not possib n

virus from red clover to alsike clover in the

red — punainen T. hybridum 19.8 tests. Red aphids transmitted pea mosaic virus

green — vibred P. sativun .. 12.6 from red clover more easily to red clover than

red — punainen T. pratense .. 9.8 hile th diE in thi

green — vibred » 7.2 | to pea, while thete was no difference in this

red — punainen P. satiouon .. 4.2 respect with the green aphids. From pea, the red
" F coefficient — F-arvo .. .. 2.98% . ) .

ISD —PME ....ovov.... 6.7, pea aphid transmitted the virus both to red
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Table 28. Ability of red and green pea aphids (A. pisum) to transmit bean yellow mosaic virus (PMV 1) from one legume
plant to another
Taulukko 28. Punaisten ja vibreiden hernekirvojen (A. pisum) kyky siirtid pavun keltamosaiikkivirnksia (PMV 1) palko-
kasvista toiseen

Green pea aphid Red pea aphid
. Vihred hernekirva Punainen hernekirva
TZ: ;:]:;:s infect. cquivalent, fox T;(sﬂ; :Il;?:s infect. equivalent, for
% samanaroisia, ku % samanarvoisia, kan
infekt. infekt.-
% P=95% | P=99% % P=959% | P=%9%
T. hybridum — T. hybridum 37.5 T. bybridum — T. hybridum 37.5
» . — P. sativam .. |-20.0 » — P. sativum .. 311 l ]
T. pratense — T. pratense .. | 10.8 I T. pratense — T. pratense .. 13.6
» . — P. sativum .. | 10.8 ‘ » — P. sativum .. 7.2 ’ ‘
P, sativum —> P. sativam .. 4.7 P. sativum — T. pratense .. 6.7
» — T. pratense .. 0 ’ » — P. sativum . . 4.2
T. pratense — T. hybridum 0 T. pratense —> T. hybridum 0
i Average — Keskim.| 12.0 14.3
F coefficient — F-arvo .... | 29.81%%%*
LSD —PME ............ 8.6%, 139/,

Table 29. Effect of temperature on the ability of the pea aphid (A. pis#m) ') to transmit bean yellow mosaic virus
(PMYV 1) from alsike clover to alsike clover (A) and to pea (B)
Tanlukko 29. Lampitilan vaikutus hernekirvan (A. pisum) Y) kykyyn siirtdi pavun keltamosaiikkiviruksia (PMV 1) alsik-
keesta alsikkeeseen (A) ja berneeseen (B)

From alsike clover to alsike clover (lots of 12) From alsike clover to pea (lots of 60)
Alsikkeesta alsikkeeseen (d 12) Alsikkeesta herneeseen (d 60)
Infection % Infection %
Temperature °C Tufektoitumis-% Infektoitumis-%,
Limpitila °C Acquisition feeding period Acquisition feeding period
Abkvisitiosyintiaika Akvisitiosyintiaika
20 sec. — sek | 30 min, — min avera.ge 20 sec. —sek | 30 min. — min avera.ge
keskim, keskin.
15°C 1ot 58.3 333 45.8 14.5 0 7.6
20°C L.t 66.7 50.0 58.4 8.5 16.1 12.3
25°C i 75.0 33.3 54.2 27.8 5.4 16.6
Average — Keskim. «......cooiiiininn. 66.7 38.9 50.8 21.5
F coefficient —F-arvo ................. 21.4* 1.2 1.2 0.5
ILSD —PME .. ...ttt 19.19/,

1y Infection percentages of the three pea aphid stocks averaged in experiment A 62.5, 50.0 and 45.8 9, respectively,

and in experiment B 18.5, 11.2 and 5.2 %, respectively.

Yy Kokeessa olleen kolmen hernekirvakannan infekioimis-%:t olivat keskim. kokeessa A 62.5, 50.0 ja 45.8 %, sekd kokeessa

B 18.5, 11.2 ja 5.2%.

clover and to pea, while the green ones trans-
mitted it to pea only. -

Effects of temperature. According to WELTON
et al. (1964), a low (15—21°C) pre-inoculation
temperature and a high (24—30°C) post-inocula-
tion temperature are conducive to the infection
of plants in aphid transmission tests with bean
yellow mosaic virus. According to SWENsoN and
SoH1 (1961), a lowering of the eatly temperature
for the entire experiment from 27°C to 18°C

increased BYMYV infection of bean in trans-
missions through the peach aphid (Mygus
persicae).

In experiments at Tikkurila, in which obset-
vations were made of the effects of temperature
on pea aphid transmission of bean yellow mosaic
virus from alsike clover to alsike clover and pea,
the temperatures were kept constant for the
various treatments throughout the tests, at 15°,
20° and 25°C. In the experiment in which the
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Table 30. Reproduction of the pea aphid (A. pisun) and the transmission frequency of bean yellow mosaic virus (PMV 1)
from alsike clover to alsike clover (A) and to pea (B) at various temperatures
Taulukko 30. Hernekirvan (A. pisum) lisiintyminen ja pavun keltamosaiikkivirnksen (PMV 1) siirtofrekvenssi eri limpi-
tiloissa alsikkeesta alsikeapilaan (A) ja herneescen (B)

Infection Y, — Infektoitumis-Y,
Avt.:tagc no. of 1 month after start of test — 7 kk:n kulutina kokeen alkamisesta
aphids per treat- After 2 weeks
Temperatuzre | 4, ::z?"é]:) lat;::nth in test distance from source of infection, cm — efdisyys cm infektiolibieestd
Lampitila Kirvoja keskim. 2 viikon kuluttua
7 Kl encdsen sy kokeessa 20 40 60 go |Avemse| 40 60 go | Avemee
Y, kk 1 kk Ke:lfztm. Keskim.
- A B Test A — kokeessa A ‘Test B — kokeessa B
15% ... 22fc. 700(. 0 | 0 | 100| 100 | 67| 33| 750 | 12| 18| 12| 14| 142
20% ...... 22 |c. 1200 83| 4.8 100 100 67 0| 66.7 35 44 27 7 28.1
25% ...... 1100 |c. 4 000 0 8.3 100 100 100 67 | 91.7 57 40 7 0 26.1
Aver.-Kesk. 100 100 78 33 35 34 15 7
F coefficient — F-arvo . .. } ' 10.4x%% 2.3 2.7 1.0
LSD — PME .......... , 339/,

1) Treatment = 4 X 3 tot. 12 pots alsike clover (Test A) and pea plants (Test B) in insect-proof cage.
1) koejdsen = 4 X 3 yht. 12 runkkua alsikeapiloita (koe A) ja herneiti (koe B) hyinteistiiviissd bikissi.

aphids were allowed to suck the test plants for a
limited period, the vitus-infected plants for 20
seconds and 30 minutes and the test plants for
24 houts, the infection rate did not vary signi-
ficantly with the different temperatures (Table
29). In this test, too, it was found that a shorter
feeding petriod (20 seconds) was significantly
more favourable than a longer feeding period
(30 minutes) in transmissions from alsike clover
to alsike clover. The difference was not signif-
icant in transmissions from alsike clover to pea.

In the second series of experiments to analyse-

the effects of temperature, 20 aphids per plant
were placed on virus-infected alsike clover in
insect-proof cage where they could move freely
to 12 alsike clover plants or 60 pea plants in the
same cage and multiply for one month. It was
found 2 weeks after the beginning of the experi-
ment that the multiplication of the aphids and
the infection of the plants were lowest at 15°C
and highest at 25°C (Table 30). After one month
there were no significant differences in the num-
bers of virus-infected plants at the different
temperatutes, but on the alsike clover the num-
ber of aphids was highest by far at 25°C and
clearly lowest at 15°C. The differences were not
so clear on the pea plants. In all the treatments
the number of aphids was so high that there were
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difficulties in counting them, and the figures
indicate levels of abundance and not exact num-
bers. The amount of light was somewhat greater
(app. 8 000 lux) at 15°C than at the other temper-
atures (app. 6 000 lux).

Natural spread of the viruses

Spread of virus in clover was observed at
Tikkurila in individual trials and in clover leys.
Spread was rapid in a few stands only (cf.
Watson 1967). In years when aphids were
abundant, such as 1963, the number of virus-
infected red clover plants increased in individual
tests by as much as from 1 9, to 75 %,, and of
alsike clover to 100 9. (Table 1, p. 16) (cf.
NEerrzeL 1961) At the same time the number of
virus-infected red clover plants increased in
dense crops by 6—7 %, only, and of alsike clover
by approximately 15 %,. In poor aphid years the
spread was slighter, even in the individual trials
(Table 1). The high incidence of infection in
clover plants growing singly as compared with
the surrounding growth could be seen at many
experimental fields such as Svalév in Sweden
and Hellerud in Norway. At the former place,
bean yellow mosaic virus was the most common
virus, while at the latter place it was the only one.



This is due to the fact that aphids occur in
greater abundance on sparsely growing plants
or at the fringes of demse stands than in the
middle (cf. MtrLer 1953). BROADBENT (1949)
found a positive correlation between virus
transmission and the number of aphids trapped,
but not with aphids that had colonized. Non-
persistent stylet-borne viruses are only trans-
mitted from one plant to another by rapidly
moving aphids. The transmission of viruses
from clover to pea and broad bean is understand-
able, as the pea aphid is common on all these
plants. The pea aphid transmits BYMV from
clover to French bean too, although it does not
colonize thereon (CrRums and MCWHORTER 1948).
Again, bean aphids colonize on beans but not
on clover. KENNEDY with his co-workers (1959)
found that Aphis fabae gynoparae fly as frequently
to non-host plants as to host plants, and probe
both, although leaving the former more rapidly.
In doing so they distribute stylet-borne viruses
such as BYMV to many plants on which the
aphids do not actually reproduce.

The effect of wind is important in the spread
~ of aphids and the accompanying viruses. Hamp-
10N (1966, 1967 b) found that the transmission of
bean yellow mosaic virus, chiefly by peach aphid,
was far greater below the prevailing wind than
above it. He also found that there was less in-
fection of French beans in rows adjacent to red
clover than at a distance of about 10 metres.
This can be explained by the low height of
French bean stands, for the aphids ‘are then
carried with the wind some distance beyond the
rows at the edge. The finding by MULLER (1953)
of higher infection in edge rows was based on
observations made on broad bean stands, where
more of the aphids were brought to a stop at the
edge of the high stand.

In 1965 and 1966, observations were made at
Tikkurila of the spread of bean yellow mosaic
virus in peas growing on strips running from
north-west to At Tikkurila the
prevailing direction of the wind was from the
south-west to the north-east (26,1%,; information
from the Central Office of Meteorology). The
winds from other directions are fairly evenly

south-east.

distributed. Virus spread was much greater in
1965 than in the following year (Fig. 10),
although the height of the summer was rainier
and cooler in the former year. In 1965, the spread
of the virus was far greater from north-west to
south-east than in the reverse direction. The
trial strip sloped slightly towards the south-east,
and the plants were much more luxuriant at the
lower than at the upper end. In 1966 the trial
site was on level ground. The spread was only
slightly higher from north-west to south-east.

In spaced populations of clover the increase
in virus varied in the different years, the range
being 1.3—74.9 %, in the red clover and 22.8—
100.0 % in the alsike clover (Table 1, p. 16). The
increase in virus disease was much slower on the
clover leys. In plots marked off in a red clover
crop (cf. p. 55) virus infection increased from
0.3 % to 1.3 9, during the growing season, and
in those inoculated with the bean yellow mosaic
virus isolates BYMV and PMV 1 on average
from 2.89, to 8.4 9%. The alsike clover was
severely infected in the field too. The crop was
dense in spring 1967 but thinned out a lot due
to the dry weather of high summer, which may
have tended to increase the migration of aphids
from one plant to another. Virus infection
increased in the control plots from 1.3 9 to
16.3 %, and in the inoculated plots on average
from 11.9 % to 69.7 % (Table 33, p. 55). Ac-
cording to KrerrLow (1964), aphid-transmissible
legume viruses spread from 0% to 95 % in

10
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Fig. 10. Spread of bean yellow mosaic in a pea crop
Kuva 10. Pavun keltamosaiikin levidminen hernekasvustossa
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Table 31. Effect of bean yellow mosaic infections on the yield of red clover in two experiments in aphid-proof cages
in the field and in three box experiments in the greenhouse, 1963—1965 -
Taulukko 31. Pavun keltamosaiikkiviroosin vaikutns puna-apilan satoon kentilli kabdessa hakkikokeessa ja Rasvibuoneessa kol-
messa laatikkokokeessa vy, 1963—1965

Total fresh yields of red Individual yields ratio (g/scedl.) At end of experim.
clover ratio (kg/100seedlings) of infected plants | of healthy plants infected
Treatment Puna-apilan  kokonaistuworesadot Viroottisten Terveiden includ. dead Dead
Koejasen subdelukn (kg[100 iainta) ksilgiden sadot, 51 (gftaimi) Ko,é;;n jtzziz':.z‘t.{yef.ra" Kuoll,
average lim. of var, average (lim, of var.| average. | lim. of var, .ri:a“rlj.a i;;:;l. o
keskim. vaibi. rajat keskim. | vaibt. rajat| keskim. | vaibt rajat, % %
Control, uninoculated — Konsrolli, 100=healthy c.
inokstloimaton . ................ 100 — 100=terve kontr.| 100 — 0 0
(8.32) [(6.01-11.77) | (83.2) (83.2)
inoculated with )
inokuloitn viruksella BYMV ...... 83 76—92 |71 64—76| 128 [100—148 82.2 12.0
» » PMV 1 ...... 84 76—89 |81 73—86 | 132 [110—156 93.4 7.8
» » PMV 2 ...... 83 73—90 |78 65—89| 126 {105—178 87.8 . 6.2
F cocfficient — F-arvo .......... 10.04%x* 24 3%%x 4.1% 231.9%%% 114 gxx*
ILSD—PME ..........cv... 8 8 22 8.99, 4.0%/,

white clover stands in 3 years. The most im-
portant vector in Maryland, however, is Mygus
Dersicae, which is livelier and more efficient than
the pea aphid, the main vector species in Fin-
land (cf. p. 48).

Effect on legume yields

Legume virus diseases cause great reductions
in yield in severely infected crops (KRErrLow
and Huwnr 1957, 1958, Nerrzes 1961, Forp and
BaceErr 1965, Prarr 1967). The results of
trials made at Tikkurila and abroad are based
partly on the greenhouse experiments and rather
small field trials in which use was made of
insect-proof cages, and partly on unprotected
field trials.

Experiments with clover. In 1963—1966, trials
wete made in the greenhouse in boxes and in the
field in plots covered with insect-proof cages,
to analyse the effects of the bean yellow mosaic
virus strains BYMV, PMV 1 and PMV 2 on
fresh yields of red clover, and of the strains
BYMV, PMV 1 and PMV 3 on fresh yields of
alsike clover.

Virus infection in red clover varied between
82 9%, and 93 9, for the various isolates, and in
this ekperimcnts, too, Tammisto red clover
proved to be very susceptible to bean yellow
mosaic virus infection (cf. p. 16). An average
of 10 % of the virus-infected clover plants had
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died by the end of the experiment. Besides the
virus-infected specimens the inoculated plots
also contained some specimens which had re-
mained healthy and which, because of the ample
space, had thriven and produced a yield that was
on average 29 9, higher than the yield of the
healthy clover that had grown in crowded condi-
tions in the control plots (Table 31). For this
reason the overall reduction in yield (17 %) for
all inoculated plants was on average not so great
as that of the infected individuals, for which it
was 23 9. '

Infection in the alsike clover varied between
78 % and 95 9%, and none of the virus-infected
specimens died. On average the reduction in the
yield of the alsike clover was 39 9, being as high
as 75 %, for the infected specimens (Table 32).

In the larger field trials on plots marked off
from a clover ley, the clover in the plots was
inoculated with BYMV and PMV 1, and the
rate of infection was quite low (cf. p. 53). Virus
infection in the red clover increased in July—
August from 3.4 %, to 10.1 %, in plots inoculated
with BYMV and from 2.2 %, to 6.6 %, in plots
inoculated with PMV 1. The 14 9, reduction
in yield was significant only for the plots inocu-
lated with BYMYV (Table 33).

In the trials with alsike clover the plants
became severely infected only when dry weather
had severely thinned out the crop (cf. p. 53) and
the yield produced was very low (Table 33).



Table 32. Effect of bean yellow mosaic infections on the yield of alsike clover in 2 cage tests in the field, 1964—66
Taulukko 32. Pavun keltamosaiikkiviroosin vaikutns alsikeapilan satoon 2:ssa hikkikokeessa kentilli vv. 1964—66

Total fresh yields of alsike Individual yields ratio (g/seedling) of
clover sl (kg{100 seedlings) infected plants healthy plants At end of experiment
Alsikeapilan kokonaisinore- Viroottisten Terveiden Kokeen pédltyessi
sadot 5| (kg[100 tainta) yksilsiden sadot sl (g[taimi)
‘Treatment
Koejasen limits of limits of | jnfected
average | limits of variation | average variation average | variation sivoott. dead
keskin. vaibielurajat keskint, vzzi/;t_e/u- keskim. ﬂai/)l'dll- % kuoll,
rajat rajat
Control — Komtrolli ............. 100 100 100
uninoculated — inokuloimaton ... | (5.47) (4.33—6.60)} (54.7) (54.7) 0 0
inoculated with BY MV — inokuloitu
BYMV:llG oooooviieeiiianeens 57 44—70 55 48—64 86 66—140 95 0
inoculated with PMV 1 — inoknloitu
PMV 1:dlé «ooovvviinnnonn 76 70—95 68 43—95| 100 89—128 82 0
inoculated with PMV 3 — inokuloitu
PMV 3:dla o.oovovviiiannnennn 47 23—85 30 16—48 | 118 |54—204 78 0
F coefficient — F-arvo .......... 38,8%%* 42.,0%%¢ 0.6
ISD—PME ....coovvvivinnnnn 11 14

Table 33. Effect of bean yellow mosaic virus infections on the yields of red and alsike clover in field experiments,1966—67
Taulukko 33. Pavun keltamosaiikkiviroosin vaikutus puna- ja alsikeapiloiden satoihin peltokokeissa vv. 1966—67

Red clover — Puna-apila Alsike clover — Alsikeapila
Infection %, Fresh yield Infection ©} | Fresh yield
Treatment Viroott.-% Tuoresato Viroott-% Tuoresato
Kozjasen
1st cut 2nd cut kefa ratio 1st cut 2nd cut kgl ratio
1. niitio 2. niitto 5l 1. niitio 2. niitto sl
Control — Kontrolli
uninoculated — inokuloimaton . .. 0.3 1.3 319.1 100 1.3 16.3 180.1 100
inoculated with BY MV — inokuloitu
BYMV:ld «coovvviviiiinnens 3.4 10.1 273.4 86 12.5 64.3 179.1 99
inoculated with PMV 1 — inokuloitn
PMV 1l oocoovivvinnnnans 2.2 6.6 301.2 94 11.3 75.0 176.4 98
F coefficient — F-arvo .......... 6.7%* 0.01
ILSD—PME ....cocviiiinnannn 9

Experiments with pea. In the field experiments
made with pea the virus caused a marked re-
duction in yield. The inoculated pea plants had
generally become severely infected one month
after planting, the rate of infection being 43—
99 9, (Table 34). In an inoculation done at the
end of July, about 2 months post-planting, only
about 10 9, of the pea plants became infected.
The date corresponds fairly closely with the
natural time of infection.

Through eatly infection the bean yellow
mosaic virus strain BYMV caused a greater
reduction in pea yield than did PMV 1, although
the symptoms caused by the latter were clearly
more severe. This, however, was owing to the

low rate of infection caused by PMV 1 (43 %)
as compared with the 95 9, caused by BYMV
in the 1965 test. The average reduction in yield
caused by these virus isolates was 62 9, for the
early inoculations and 30 %, for the inoculations
at the end of July (Table 34).

For comparison, 5 naturally infected pea stalks
and 5 healthy pea stalks were gathered from each
of 8 pea vatieties in the field experiments of the
Department of Pest Investigation (cf. p. 29). On
average, the pod weight was 28 %, lower in the
infected plants than in the healthy ones (Table 35).

Experiments with bean. In 1965—1967, a study
was made of the effects of the bean yellow
mosaic virus BYMV and the bean common
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Table 35. Effect of bean yellow mosaic virus infection on the yields of peas infected in field experiments
Tanlukko 35. Pavun keltamosaiikkiviroosin vaikutus kenttdkokeissa infektoituneiden herneiden satoihin

No. of pods?) Pods g?) " Pods g/pod
Palkoja kplt) Palkoja g*) Palot glkpl
Pea variety
Hernelajike healthy infected healthy infected healthy infected
terveitd viroot!. ferveild viroot!. terveitd viroott.
English sword — Englannin mickka .. .... 45 46 370 260 7.6 5.7
Glaend .....oviiiiiiiii i 71 60 225 158 3.1 2.6
Jo 03955 ... 100 104 380 300 3.8 2.9
Jo T247 ..o 84 37 335 140 4.0 3.8
Lincoln ..ovvvniiniiiineeennn. 48 50 280 270 5.8 5.4
RIUEO +viieeniiiiiin i, 130 104 355 245 2.7 2.4
Torstai Il ....ovioiiiiiiivnnen 68 91 150 190 2.2 2.1
Torstai IIN .. ..oovniiiiii i 83 75 325 200 3.9 3.2
Ratio average — S/. keskim. 100 87 100 72 100 82

1) Yield of 5 pea stems.
1) 5 bernevarren sato.

Table 36. Effect of bean common mosaic virus and bean

yellow mosaic virus on the yields of french beans in field

experiments
Taulukko 36. Pavan mosaiikki- ja pavun keltamosaiikkivirusten vaskutus papusatoibin peltokokeessa
Infection %
Viroostisans-% Bean vield kg/100 m of row LSD
i P kg/100 PME
Bean variety ' mo;li,:;md pusato kg[100 ra F cocti.
Papulajikee ot inokuloitn F-arvo
inok-ton kg/100 m
kontrolli BCMV BYMV contr, BCMV BYMV of row
kontr. &g]100 rur
BXPIESS - vvuevnnernnannenneenneanns 0.6 18.3 36.1 | 28.42 | 2434 | 24.54 | 3.8 —
KONSELVA tvvveenineennnnnanneenns 2.2 51.0 40.6 | 24.57 | 17.69 | 13.14 |29.8%**} 3.65
NOrdstjirnan «.....ooeeevveeerennens 1.1 65.1 64.2 | 28.65 | 15.96 | 10.67 |43.8*** 3.80
ReCOrd .vvvvvvniirnienannnnnsnenss 0 52.8 49.0 | 24.47 | 19.08 | 16.56 |53.8%** 1.95
Average — Keskim. 1.0 46.8 47.8 | 26.53 | 19.26 | 16.24 |11.97%%| 5.28
Ratio — Subdelukst .. ... ..ot 100 73 61

mosaic virus BCMV on the yields of the bean
vatieties Express, Konsetva, Nordstjirnan and
Record in the field experiments. For the different
varieties the variation in infection rate was 36—
64 9, average 48 %, for BYMV, and 18—65 9%,
average 47 %, for BCMV. The effects of the

White clover

virus diseases were smallest in respect of the
development of the Express bean, in which
they caused no significant reduction in yield.
Nordstjirnan suffered most from the infection.
Yield reduction caused by BYMV was 39 %,
and by BCMV 27 9%, (Table 36).

mosaic virus

White clover mosaic virus strains were isolated from several samples of legumes gathered inDenmark:

Isolate host plant symptoms place

N44 ... ....... red clover mottle Shetland, Taastrup, experimental field
N 46 .......... lucerne vein chlorosis Shetland, Taastrup, field

N4 ... white clover slight chlorosis Shetland, Havdrup, experimental field
N5 ..ovennnn white clover chlorotic mottle vein bending Funen, Nyborg-Risinge, roadside
N57 cooeevnnn. red clover vein banding Jutland, Langa, experimental field
NG6L .......... red clover chlorotic mottle vein banding Jutland, Odum, experimental station, field
8 5532—70 57



These white clover mosaic virus strains, which
resemble the white clover mosaic virus described
in the literature (Jornson 1942, Bos et al. 1959,
Pratr 1961), are designated WCMV in the
present study.

N 55 red clover vein chlorosis,
vein banding

N5 .......... red clover vein chlorosis,
vein banding

NAB: cavn swaas white clover slight mottle,
vein banding

N 22 alfalfa chlorotic mottle,

twisted leaves

These isolates, which differ somewhat from
white clover mosaic virus, will be designated
WCMV/CYMV.

Symptoms, host plants and susceptibility of legume
varieties

The lower leaves of the pea plants (Pisum
sativum) infected by WCMYV isolates wilted 5—6
days from inoculation, the plants became slightly
mottled and their growth slowed down or almost
ceased. The wilting spread upwards, and the pea
plants sometimes wilted completely in 2 weeks
especially in summertime in greenhouse with
long days and a high temperature (cf. BOS et al
1959). At lower temperatures (15°—20°C) the
plants partly recovered, and the slightly mottled
seedlings continued to grow. All 37 varieties
of pea tested became infected when inoculated
with the WCMY isolates N 44 and N 50 (Table
37). The pea plants infected with the WCMV/
CYMYV isolates developed a stronger chlorotic
mottling than those infected with the WCMV
isolates, and did usually not show symptoms of
wilting (Fig. 11). Also, 8 varieties (8/37) were
found to be resistant to some of these isolates
(N 18 and N 55) (Table 37).

Primary symptoms expressed within 5 days
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In addition to these, strains of the white
clover mosaic virus bearing some resemblance
to clover yellow mosaic virus (PraTr 1961,
AGRAWAL et al. 1962), were isolated from
samples gathered in Denmark and Sweden:

Denmark, Jutland, Rye, clover ley
(large numbers with virus infection)
Denmark, Jutland, Hammel,

clover ley

Sweden, Skdne, Svalov,

experimental field

Sweden, Skine, Svalov,

experimental field

in leaves of bean (Phaseolus vulgaris) infected
with the WCMYV isolates were chlorotic spots,
ring spots and line pattern, and sometimes also
necrotic dots and slight vein necrosis. Patches
of chlorotic vein-clearing occurred as secondary
symptoms, sometimes partly coalescing, and the
plant became greyish-mottled and slightly
crinkled (cf. Bos et al. 1959). The WCMYV/

a

Fig. 11. Onward pea 16 days after inoculation with
a) bean yellow mosaic virus PMV 2, healthy, b) white
clover mosaic virus WCMV/[CYMYV isolate N 55, infected

Kuva 11. Onward-berne 16 vrk inokuloinnin jilkeen, a) pavun
keltamosaiikkivirus isolaatilla PMV" 2, terve, b) valkoapilan
mosaiikkivirus isolaatilla IN 55, vircottinen



Table 37. Susceptibility of various pea varieties to white clover mosaic, alfalfa mosaic and broad bean stain viruses
Tanlukko 37. Hernelajikkeiden alttins valkoapilan mosaiikki-, sinimailasen mosaiikki- ja peltopavun siemenlaikkuviruksille

Pea varicty

No. of infected/inoculated plants — Infektoituneitalinokuloituja kasveja kpl

Inoculated with virus isolate ) — Inokuloits virusisolaatilla*)

Hermlajike WMV WCMV/CYMV LMV BBSV
N44, N57 N18, N55 N 63 N14, N39
Pisum sativum
Dark Skinned Perfection ............ + 3/3 — 0/14 + 3/3 4+ 2/28
Dbt HE «veeennnernansnannnann. + 10/10 (+) 47 + 35 + 88
Delikatess .ovvevvnreerneernaneasas -+ 10/10 (+) 1/10 + 10/12 + 21/22
Delikatess forbedret ................ + 33 + 11/11 + 3/3 + 14/24
DIPPEn «vvevvnriniraane e + 88 + 5/7 + 77 4+ 4/10
Dippes Maj oo.vvvninniiiiineenn, + 77 + 5/5 -+ 77 +  6/12
Dvirgsabel .......oviiiiiiiiiienens + 3/3 + 4/8 4+ 3/3 + 77
English sword — Englannin miekka . . .. + 12[12 -+ 28/30 + 13/14 + 48/52
Faitheards «...ovveeereerraenrannens 4+ 3/3 + 8/11 + 3/3 4 17/22
Freezer[37 .uevvuevearuinoenrnnnnns + 8/8 + 25 + 8/8 + 712
Fiirst Bismarck ....oovvrvrnrrneneens + 6/6 + 5/5 + 5/5 + 711
Gomé Hg ..ovvivieiiaiiiiinnnns +  2/2 — 0/10 + 33 + 6/6
Heimdal OE ........ocovviiiiaannns +  4/4 — 0/14 + 4/4 -+ 5/29
Heinrichs tidig +..ovveetrenininennn. + 77 + 66 + 7 4+ 9/13
Herkules 38/OF ....oovvverrneninnns +  6/7 — 0/6 + 8/8 4+ 13/15
Kelvedon Wondet ....vvvvveevennnn + 32/32 + 17/51 + 20/27 -+ 39/67
KOIVIKKO o vveeveernneneaeennnns +  6/6 + 5/5 + 5/5 + 14/14
KULES wvernaneneniieninenenenns + 77 + 14/14 + 99 + 20/20
ONWAL ottt it + 40/40 + 29/43 + 1719 + 2135
Perfected Freezer . ovvvvnrvreneernnns + 8/8 + 20/36 + 12/12 + 12/38
Phenomen «.vvvvuurenneenreneannnns -+ 14/15 + 12/21 + 13/17 + 48/53
PrIMEX . ovvvevninennnnneeennnsennns + 4/4 + 8/8 + 5/5 4+ 9/9
Primor IL OJO ...vvvvvnvinenennnn. + 5/5 + 3/3 + 111 -+ 3/3
Rival 47/0Z ... iiieiieiiiiinens + 18/18 + 13/24 + 19/19 + 23/23
Rival Ny Munkegard .............. + 33 — 0/8 + 4[4 + 5/19
SIZYN tevrriieee e + 10/10 — 0/6 + 1 + 12/12
SEEIS +vveveneeeenareeanneenaneeans + 9/10 -+ 5/5 + 44 + 1111
SEAL vt i + 5/5 -+ 7/10 + 5/5 +  2/4
JeTe ¢+ ¥ AN + 5/5 + 6/6 +  6/6 + 12/12
Svensk sabel ....oiiiiiiiiiiiiiii +  4/4 + 77 + 5/5 + 10/10
Sylvester Hg ....covvvieiinnennnnn. + 9/10 + 8/8 + 44 + 1010
Sylvia HE +vvvnrvrearniiinennnnns + 10/10 + 8/8 + 4[4 + 88
TEOPRY © o eveveeereeieniaeneieananne + 8/10 (+) 5/9 +  3/3 + 11/11
Weitor Wh ovviivienaaeaannens + 44 + 10/10 + 5/5 4+ 5/5
Victory Freezet ........c.coiveeuenns + 77 4+ 4/6 + 8/8 4+ 14/16
Witham Wondet - ......c.oeveeneen.n + 17/18 + 0/33 + 18/18 -+ 31/60
Ostetlen voveriiiiriiaieieaeeanns + 1111 — 0/5 + 5/5 + 10/10
Pisum sativum var. arvense

Heto Sv o oiiiiiiiniiii e 4+ 5/5 + 8/8 + 5/5 + 5/5
Marma Wb oo + 5/5 + 10/10 + 25 + 35
Parvus Wh - oo + 3/3 + + 3/4 + 55
Pitat Wb .oooos e + 55 + 8/8 + 44 + 33
Valor HE covvrvnrenniniiinnennins 4+ 4/4 + 9/9 4 3/4 4+ 4/4
VESta SV envroo + 44 + 9/9 + 5/5 + 55

1) 4 infected — infektoitunut

(+) slightly infected — heikosti infektoitunut

— not infected — ¢/ infektoitunut

CYMV isolates infected bean very slightly,
causing sparse local itregular clearing of the
tiny reticulated veinlets as primary and secondary
symptoms. All 25 bean varieties tested became

infected with the WCMYV isolates N 44 and N 50,
but 15 of these varieties did not become infected
with the WCMV/CYMYV isolates N 18 and N 55
(Table 38). Two of the three P. coccinens vatieties
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Table 38. Susceptibility of various bean varieties to white clover mosaic viruses
Tanlukko 38. Papulajikkeiden alttius valkoapilanmosaiikkiviruksille

No. of infectedfinoculated plantst) — Infektoitnjalinokuloitnja kasveja, kpl*)

Bean variety WCMV WCMY/CYMV
Papulajike
isol. —iwl. | Nat | NS0 isol. —isek| N18 | N55 N 56

Phaseolus vulgaris L. ‘

Bonita ............ .0l +S 9/9 4/4 — 0/12 0/6

Bred Svird ........................ +L 8/8 4/4 + 1S 0/5 0/6 6/6

Carlos Favorit ...........occuuvn... +L 8/8 717 — 0/7 0/12 0/6

Cita HE «'vvieeneeannnnn +S 10/10 10/10 | +s 10/10 | 10/10 | 10/10

Cuting ..ovuvienesei +(S) 0/6 6/6 | — 0/4 0/3 0/3

Erntesegen .............c.......... +S 3/3 8/8 — 0/2 0/4

Express ........oiiiiiiiiii, +S 2/2 2/2 +S 4/11 4/12

Fiskeby ........coovviiiiiii...L, +L6S)| 5/8 5/6 — 0/14 0/15

Flavia ........oooiiiii +S 3/3 2/2 +8 57 0/6

Goldhotn ..........vvuniiiin...., +LS) | 5/5 6/6 +(S) 0/6 3/9

Hundred for one ................... +L 4/4 2/2 — 0/11 0/17 0/6

L S +LS | 10/10 5/5 +(S) 0/7 8/8

Kaiser Wilhelm .................... +L 55 55| — 0/7 0/5

Konserva Hg .............cccuvu... +L 4/4 4/4 — 0/9 0/14 0/5

Konserva IIOE ................... +LS | 15/15 5/5 +1LS 5/5 5/5

Master ...o.vvvnrniniiiiiiiainn.., +8 3/5 1/1 0/5 0/5

Nimbus ........................o... +L 3/3 2/2

Nordstjirnan .............c.ouu..... +8 10/10 6/6 — 0/4 0/5

Petle Sukker ............o.ovnn... — 0/4 0/2 - 0/5 0/4

Processor/57 ...........ciiiiiiii... +S 4/6 3/3 — 0/7 0/9

Refugee ...........cooiiiiiini.... +8§ 5/5 5/5 +S 1/6 4/6

§axa .. +8 8/10 2/2 +8 0/12 0/14 77

Stella .. .oieiii i +8 4/4 5/5 +8 4/6 77

Svird Danmark .................... +S 2/2 2/2 — 0/6 0/4

Svird extra bred ................... +$ 212 2/2 — 0/7 0/2

Voks Carmencita ................... +L 2/2 3/3 +(S) 3/3 0/4

Voks Torrento d’Oto .............. +8 2/2 2/2 — 0/10 0/11

Voks Triumph ........oco..o..oo.... +$8 12/12 2/2 +S 3/12 0/11 6/6
Phaseolus coccinens L.
Runner bean — Runsupapu

Scarlet floweted — Punakukkainen . ... — 0/5 0/5 +(L) 0/5 3/7

White » — Valkokukkainen . ... +L 2/6 0/6 +(L) 1/5 2/5

Red-white » — Perhospapu .. .. .... — 0/3 0/3
Vicia faba L.

Hangdown ......................... +LS 6/6 77 +(L)S| 3/9 3/9

Maxime ...........cc0iieiininnn... + LS 4/4 — 0/4

Minot ........ooeeennoini +LS | 4/4 +(L)S 2/4

Pithonen .............oooiviviiii +1S | 10/10 10/10 | +(L)s | 1011 | 1112

Sv. PHmMUS ...ooooieeiin 418 4/4 5/5 +(L)S| 4/4 4/5

1) L = local lesions
(L) = latent primary infection
S = systemic symptoms
(S) = latent systemic infection

Y L = paikallislaikkuja
(L) = latentsi primddiri-infektio
S = systeemiset sympromit
(S) = latentti systeeminen infektio

became latently infected with the isolates N 18
and N 55, and one with the WCMYV isolates N 44
and N 50.

Broad bean (Vicia fabz) and especially its
small-seeded varieties such as Pithonen are very
suitable indicator plants for white clover mosaic
virus. Inoculated with WCMYV isolate, it showed
necrotic spots as little as 3—4 days after inocu-
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lation and the inoculated leaves turned partly or
completely black a couple of days later (Fig. 12 2)
The severity of the systemic symptoms varied
with conditions and isolates. Isolates N 44, N 46
and N 57 caused systemic necrosis (Fig. 12 a)
and wilting of the plant, isolates N 48 and N 61
caused necrotic spots and mottling of the leaves,
and the isolate N 50 a slight green mottling. It



Fig. 12. Symptoms on broad bean var. Pirhonen 14 days after inoculation with
white clover mosaic virus 2) WCMV isolate N 44 and b) WVMV/CYMV
isolate N 55

Kuva 12. Valkoapilan mosaiikkiviruksen aibenttamia sympiomeja DPirbonen-pelto-

pavussa 14 vrk inokuloinnista a)

WCMV-isolaatilla N 44, WCMV|CYMV'-

isolaatilla N 55

was not until a week after inoculation that the
WCMV/CYMV isolates caused symptoms in
broad bean leaves, these symptoms being small
necrotic spots and ring spots and systemic
mottling, crinkling and stunting (Fig. 12 b), as,
according to Pratr (1961) is the case with clover
yellow mosaic virus. In severity, the symptoms
caused by isolate N 22 resemble those caused by
the WCMYV isolate N 44, The isolate N 55 caused
only a slight infection in the broad bean variety
Hangdown, and none in Maxime.

In clover (Trifolium sp.) the symptoms caused
by white clover mosaic isolates varied from an
irregular diffuse mosaic to an irregular chlorotic
vein banding or a distinct mosaic and stunting.
The symptoms caused by the WCMV isolates
were slighter in 7. incarnatum and severer in
T. repens than those caused therein by the
WCMV/CYMYV isolates.

The susceptibility of Scandinavian white
clover varieties to white clover mosaic was
studied by inoculating 100 plants of each of 13
varieties with the isolates N 44 and N 56, and the
varieties Kivi and Tammisto white clover with
the WCMV/CYMYV isolates N 18, N 22 and

N 55 as well. The infection, manifested as slight
mottling, varied from 7 9, to 90 %, The varieties
ranked as follows in resistance based on symp-
toms, from the most resistant to the most sus-
ceptible: Nora, Otofte, Mira, Willd (English),
Milka, Beta, Zero, Pajberg smalbl,, Morsd,
Dind, Lodi, Kivi, Tammisto white clover. The
back inoculations, which were made from all the
specimens of the two last-named varieties and
from 10 specimens of cach of the other varicties,
revealed that the infection was latent in the
symptomless specimens and, accordingly, that
all the white clovers tested had become infected
by all the white clover mosaic virus strains used
in the test. From this result, too, it may be
inferred that white clover mosaic has a wider
distribution in Denmark than could be estimated
from the symptoms alone (cf. p. 19).

Of the 37 legume species tested, 29 were sus-
ceptible to the WCMV isolates N 44 and N 57,
and 28 to the WCMV/CYMYV isolates N 18 and
N 55 (Table 39). All the isolates tested caused
infection in soya bean (Glycine soja), as do white
clover mosaic virus (WCMYV) and clover yellow
mosaic virus (CY MV) according to PraTr (1961)
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Table 39. Host range of white clover mosaic, alfalfa mosaic and broad bean stain viruses

Tanlukko 39. Valkoapilan mosaiikki-, sinimailasen mosaiikhki- Ja peltopavan siemenlaikkuvirusten isintikasvit

Susceptibility to virus 4, — 1) — Kasien virusalttins +, —1
. virus inoculated — inokuloitu virus
Plant species
Kasvilaji
WCMV N 44, N 57 Wﬁ“g{’ %Y;\s{ v LMV N60, N 63 BBSV N 39
Glycine soja Sieb. & Zucc. ..... S +8 +S (+8) —
Lathyrus aphaca L. .................... -4+S +S +S +S

» beterophyllus L. .. .............. — — — +(S)

» wmaritimus (L) Big, ........... — — — —

» ochrus (LYDC. ................ +1LS +S +1L +S

» odoratus L. ................... +S +8S +4S
Lotus cornienlatus L. ................... +S +S +S +S
Lupinus albus L. ........cccciuuunnn.. +S +S — +S

I P +S +S — +S

»  polyphyllus Lindl. .............. — — — —
Medicago intertexta (L) Miller............ +-SN +S +S +SN

» lpulina L. ........... ... ... +S +8

» 27777 20 D +8 +S +S +L(S)

» seutellata (LYMiller ............ —_ +S +(S) +(S)
Melilotus albus Dest. .................. +S +S +S8 +-LSN 45

» altissimus Thuill, . ............ +S — +8S —

» indicns (L) All. .............. +S +S — +S

» officinalis (L.) Desr. ........... — +S +S +S
Phaseolus lunatus Lo ................... +(S) — +(S) —

» coceinens Willd, ............... — — — —

» valgaris Lo covuunninnnnnnnnn.. +S +S + LS+ 1(S) +(LS)
Pisum arvense (L.) A. & G. ............ +S -8 +S 8 +S

» sativam L. ... . 0 0 0000, +S +S +S 1S +S
Scorpinrus subvillosaL. .................. — — — —
Trifolium bybridum L. .................. +S +S +S +S

» incarnatum L. ................ +S -4-S — +8S

» pratense L. .................. +S +S +S +(S) +S

» » | 48 +S +S +S +S

» » I +S +SN +S S +S

» » 8 — +S +S — —

» repens Lo oo i, +S +S +S — —_
Trigonella coernlea (L.) Ser. ............. +S +(S) +L(S) +(S)

» cretica Boiss, ................ +S +S
Vicia ¢racca L. ...............cccv.0.. +S -+-SN +S

»  faba L. forma minor ............. +4-LSN + LS +L(S) -+-S

» sativa L. ... .. e +S — +L(S) -+S

» silpatica L. ... ... ... . . . ..., — +S
Vigna sinensis (L.) Endli var. Savi ...... +S — +L +L(S)
Anthirrbinam majus L. ... .....c.o..... — +1S + LS —
Atriplese litoralis Lo ..., —_ +L +L
Chenopodium album L. ................. — 4L +S —

» amaranticolor Coste et Reyn. +L +L +S 4S8 —

» bonus-henricus L. ........... — — — —

» gquinoa Willd. .............. 4L +L +S 4S8 —
Cucumis sativas L. .........o. i ivu.... — — — —
Gomphrena globosa L. .................. +L +S + 1S —+(S)
Lycopersicum esculentum Mill. ........... +L
Nicotiana glutinosa L. .................. —_— — + LS+ 1S —

» tabacum L. (White & Butley) .. — — +LS+1LS —
Petunia hybridum L. ................... — — +S 4S8 —_
Spinacéa oleraceae L. ................... — — — —
Tetragonia expansa Thunb. ............. — +L(S) +L +(S)
1) L = local lesions, S = systemic symptoms, N = necrosis

Y L = paikallissymptomit, S = systeemiset symptomit, N = nekroosi

62



and WCMV Musit  (1966),
although neither virus did so according to
Jounson (1942). The isolates N 18 and N 55

caused severe chlorotic mottling and systemic

according to

chlorotic dots and green mottle on inoculated
leaves of soya bean, while slight green mottling
was caused by the WCMYV isolates N 44 and
N 57. Both the WCMYV and the WCMV/CYMV
isolates caused infection in lucerne (Medicago
sativa), from which the isolates N 22 and N 46
were originally isolated. Prarr (1961), too,
obtained a positive result when infecting lucerne
with white clover mosaic and clover yellow
mosaic virus, but lucerne was not infected by
these viruses in the tests made by JoHNsON
(1942). The WCMV/CYMYV isolates caused
distinct chlorotic spots and green mottling on
lucerne, while the symptoms caused by the
WCMYV isolates were quite slight. Vigna sinensis,
which, according to Jomnson (1942), is suscep-
tible to white clover mosaic virus but not to
clover yellow mosaic virus, became infected in
the present tests with WCMYV isolates but not
with WCMV/CYMYV isolates.

Of the 13 species, belonging to different
families, which were tested, 3 became infected
with WCMYV isolates and 7 with WCMV/
CYMYV isolates (Table 39). The strains of both
groups caused ill-defined local lesions (Fig. 13)

Fig. 13. Local esions caused by white clover mosaic
virus WCMYV isolate N 44 on Chenopodium guinoa leaves,
18 days after inoculation

Kuva 13. Valkoapilan mosaiikkiviruksen WCMV -isolaatin
N 44 aibeuttamia paikallislaikkuja Chenopodium quinoan
lehdissd 18 vrk inokuloinnista

on the leaves of Chenopodium amaranticolor and C.
gquinoa but did not spread systemically in these
in the way that clover yellow mosaic virus has
been shown (AGrRAWAL et al. 1962) to spread in
C. amaranticolor. Snapdragon (Antibirrhinum
majus), which has been regarded as suitable as
an indicator plant of clover yellow mosaic virus
(PraTT 1961), became infected with the WCMV/
CYMYV isolates N 55 and N 56, which could be
transmitted back to broad bean. They caused
necrotic spots and diffuse systemic mottling
(Fig. 14 a) on the inoculated leaves, and not the

Fig. 14. Symptoms caused by white clover mosaic virus WCMV[CYMYV isolate N 55 on a) Anthirrhinum majus,
b) Gomphrena globosa 20 days after inoculation
Kuva 14. Valkoapilan mosaiikkiviruksen W CMV [CYMV -isolaatin IN 55 aiheuttamia symptomeja a) leijonankidassa ( Anthirrbi-
num majus), b) Gomphrena globosassa 20 vrk inokuloinnista
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Fig. 15. White clover mosaic virus particles. Dip method, negatively stained. % 64 000

Kuva 15. Valkoapilan mosaiikkivirushinkkasia, kastomenetelma, negatiivivirjdys 1 %:la
Josforiwolframibapolla. % 64 000

L85 E b

Fig. 16. Bands and spiral formation of particles in section of broad bean eaf tissue
infected with WCMYV. Centre of spiral shows cross section through particles; fixed in
glutaraldehyde and osmic acid and stained with lead citrate
Kuva 16, Virushinkkasia nauba- ja spiraalimuodostelmissa valkoapilan mosaiikkiviruksella
infektoidussa peltopavun lehtisolukossa. Fikseerans glutaraldebydilld ja osmiunthapolla, varjostus
byijysitraatilla



chlorotic streaking and mild distortion as CYMV
described by Prarr (1961). The isolates N 18
and N 22 caused slight mottling in snapdragon,
but could not be transmitted back. The WCMV
isolates did not infect snapdragon.

All the WCMV/CYMYV isolates N 18, N 22,
N 55 and N 56 produced latent infection in New
Zealand spinach (Tetragonia expansa), from which
they could be back transmitted, but no WCMV
isolate did so. The strains of both groups caused
local lesions on the leaves of Gomphrena globosa,
and the WCMV/CYMYV isolates also spread
systemically in it (Fig. 14 b). None of these
virus-strains infected cucumber (Cucumis sativus
var. Butcher’s OE Spec.) or spinach (Spinaceae
oleracea), as did CYMYV, according to JOHNSON
(1942), and WCMV, according to AGRAWAL et
al. (1959) and MUSIL (1966).

Morphological and physical characteristics

White clover mosaic virus particles are
shortish, flexible rods (Figs. 15 and 16). Good
preparations were obtained by the dip method
and by the cut squeeze spray method, for the
virus content of the plants is quite high cf.

CEEEEER]
Tt D NOOT ®
length inmMuUM ® ¢ ¢ © O 0

WCMV/CYMV isolates

Fig. 17. Length of virus particles of white clover mosaic
virus isolates WCMV and WCMV/CYMV
17. Valkoapilan mosaiikkiviruksen WCMV'- ja
WCMV|CYMV -isolaattien pituusjakantuma

300
340
380

$3858%
- 0 n o0 o

WCMV jsolates
Kuva

9 5532—70

BranDESs 1964). The average lengths of the virus
particles of the WCMYV isolates were (Fig. 17):

111517 O 452 + 10.6 mu (113 particles)
N 46 ....... 452 4 10.8 » (230 » )
N48....... 455 4-11.2 » (280 »oo)
1 R 461 + 8.9 » (307 » )
N BT wrnea o 493 + 9.1 » (295 » )
NG s on 453 - 10.8 » (324 » )
Average (Total) 459 4 11.1 » (1549 » )

They were slightly shorter than the 476 mu
reported by BranDEs and Quantz (1 957).

The average particle lengths obtained for the
WCMV/CYMYV isolates were:

b ol . R 422 4+ 10.0 myu (204 particles)
N 22 ..onann 436 + 9.5 » (358 » )
N55....... 432 + 82 » (210 » )
N 56 csacaws 440 4- 8.2 » (162 » )
Average (Total) 432 + 9.2 » (934  » )

These were shorter than the particles of the
WCMYV isolates and considerably shorter than
the 525 mu (AGRAWAL et al. 1962) and 539 mpu
(Bercks and Branpes 1963) given for clover
yellow mosaic viruses.

In line with the finding, according to infor-
mation in the literature (Jornson 1942, PraTT
1961), that the thermal inactivation point of
white clover mosaic virus is lower than that of
clover yellow mosaic virus, the present tests
showed that the thermal inactivation point of
the WCMYV isolates was two degrees lower than
that of the WCMV/CYMYV isolates (Table 40).
The former of these isolates retained their
infectivity at 58°C, and only a few of them at
60°C, while the latter retained their infectivity
at 60°C and only a few of them did so at 62°C.

The longevity of the WCMYV isolates in crude
sap at room temperature (422°C) and in the
refrigerator (+4°C) was clearly greater than that
of the WCMV/CYMYV isolates (Table 40). The
longevity of the former was 90 days at room
temperature, 120 days in the refrigerator, while
that of the latter was 2 days and 14 days respec-
tively. The strains of both groups retained their
infectivity when purified and stored in the
refrigerator (44°C) and in frozen plants (—20°C)
for at least two yeats.
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Table 40. Thermal inactivation point of white clover mosaic viruses and their longevity in crude sap and purified
. suspension at various temperatures and in frozen plants
Taulukko 40. Valkoapilan mosaiikkivirusten limménsietoraja ja sailypyys kasvimebussa Ja pubdistertuna eri limpétiloissa sekd
Jddtyneissd kasveissa

Virus storage, temperatute No. of infected/inoculated plants — Infektoituncitalinokuloitnja kasveja kpl
_and time WCMYV isolates — WCMV-isolastit WCMV/CYMV isolates — WCMV|CYMV-isolaatit
Virnksen siilytys,
. limpitila ja aika N 44 l N 50 l N57 N18 N 55 ] N 56
In crude sap — Kasvimehussa
A Control — Kontrolli .......... + 16/16 + 18/18 + 18/18 + 15/15 + 17/17
10 min 50°C .............. + 15/15 + 16/16 + 17/17 4 15/16 + 18/18
52° L. + 18/18
54° + 16/18 + 18/18 + 17/17 -+ 15/18 + 15/17
56° L. + 15/19 +  9/19 + 15/17 + 16/17 + 9/16
58° Lol + 12/18 + 5/18 +  6/17 -+ 15/18 +  7/17
60° ...l 4+ 3/18 — 0/16 + 717 + 7/35 +  2/17
62° ... — 0/18 —  0/19 4+  1/17 + 4/18 — 0/17
64° L —  0/17 — 0/19 — 0/16 —  0/17 — 0/18
66° ..., — 0/33
B Control — Kontrolli .......... + 77 + 9/9 4+ 6/6 + 8/11 + 6/6
+22°C12 h—z¢ .......... + 6/6 + 6/6 + 4/5
1 day—ork ...... + 5/6 + 2/6 + 4/5
2 days —ork ...... + 8/8 + 5/6 + 2/6 — 0/6
4 » » ... + 8/8 + 6/6 — 0/5 — 0/5
7 » » oL + 8/9 4+ 6/6 — 0/1 — 0/6
14 » » il + 47 4+ 5/6
1 month —kk ....| + 4/4 + 88 + 3/4
2 months — &k ....| — (/8 + 10/10 — 0/4
3 » » R + 15/8
4 » » e — 0/8
C Control — Kontrolli .......... + 77 4+ 6/6 + 8/11 +  6/6
+4°C 1 day—ork ........ + 5/6 + 5/5 + 5/5
4 days —owrk ....... + 6/6 +  3/6 + 5/5
7 » Do + 8/8 + 5/5 4+ 5/6 — 0/5
14 » » L. + 6/6 + 4/5 + 1/6 — 0/5
1 month— 4k ..... + 5/5 4+ 6/6 — 0/6
2 months — k& ..... + 5/8 +  6/7
3 » » ... + 8/9 + 4/6
4 » » v + 2/8 + 17
5 » » .. — 0/6 — 0/5
Purified — Pubdistettuna
+4Clyr—7 o0 ..., + 5/5 + 9/9 + 6/6 + 4/5 + 5/5 + 1/6
2yts—2v.......... + 4/4 + 10/10 + 4/4 + 4/4 — 0/4 +  3/4
In plants — Kasveissa
—20°C 1yt —7 o ........ + 4/6 +  6/9 +  3/6 +  3/4 + 3/3
2yrs—209 ........ + 6/6 +  4/7 + 3/5 + 5/5 +  4/4 + 3/4
Table 41. Infectivity tetention of white clover mosaic viruses in various dilutions
Tanlukko 41. Valkoapilan mosaiikkivirusten infektiokyvyn sdilyminen eri laimennoksissa
. No. of infectedfinoculated plants — Infektoitnneitalinokuloituja kasveja kpl
Dilutions WCMV isolates — WCMV -isolaatit WCMV/CYMYV isolates — WCMV|CYMV -isolaatit
Laimennokset
N 44 I N 57 N18 N2z2 N 55 N 56
Conttol — Kontrolli. . .. .... 1 + 6/6 + 77 + 77 + 5/5 + 4/6 +  6/6
10- + 717 + 8/8 + 77 + 6/6 + 24/24 + 24/24
102 ..., + 25/25 + 6/6 + 77 + 6/6 4+ 29/30 + 19/23
10-% ...l © A4 23/23 + 11/11 + 8/8 + 77 -+ 26/30 + 14/24
P (U +  9/17 + 3/19
10 ... -+ 23/24 +  9/12 + 88 4+  9/10 + 15/31 + 5/25
Usx 104 ..., — 0/16 + 3/17
105 ...l + 21/26 + 8/13 — 0/6 +  7/10 +  6/31 +  2/22
UYsx 1075 ... . ..... .. — 0/19 —  0/20
J10-8 + 11/18 + 1/6 — 0/10
Usx 10°8 .. .......... L. + 4/18
10-7 ... 4+ 2/18 — 0/5
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The WCMYV isolates withstood greater dilu-
tions than did the WCMV/CYMYV isolates
(Table 41) in roughly the same ratio as did the
white clover mosaic virus as compared with the
clover yellow mosaic virus (PraTr 1961). The
WCMYV isolate N 44 was still infective at a dilu-
tion of 10 -7. The WCMV/CYMY isolates N 22,
N 55 and N 56 were infective at a dilution of
10 -5, but no longer at 1/; x 10 -5,

Serological ftests

Serological tests were made with the WCMV
isolates N 44, N 46, N 48, N 50, N 57 and N 61,
which gave symptoms of the white clover mosaic
virus, and with the WCMV/CYMV isolates
N 18, N 22, N 55 and N 56, which gave symp-
toms partly reminiscent of the clover yellow
mosaic virus, to establish their relationships and
their possible identity with earlier described
white clover mosaic virus (Jomnson 1942
Pratr 1961, AGRAWAL et al. 1962) and clover
yellow mosaic virus (PraTr 1961, AGRAWAL
et al. 1962, Bercks and BraNDES 1963).

The reactions of the virus isolates were ini-
tially compared by using antisera prepared for
the isolates N 44, N 18 and N 55. In respect of
agglutination and precipitation reactions there
was no distinct difference between the WCMV
and the WCMV/CYMYV isolates (Table 42). In
the more accurate bentonite flocculation tests
N 55 feacted. more strongly to AS/N 55, while
the other WCMV/CYMYV isolates N 18, N 22
and N 56, like N 44, reacted more strongly to
AS/N 44, ‘

Tests were made of the reactions of the above
isolates to white clover mosaic virus antiserum
(AS/WCMV-D) and clover yellow mosaic
virus antiserum (AS/CYMV-D) sent by Dr.
Bercks from Brunswick, and the equivalent
antisera AS/WCMV-C and AS/CYMV-C sent
by Dr. Prétt from Vancouver, Carada, and the
isolates were also subjected to agglutination and
precipitation tests.

N 44, whether expressed from pea or bean,
teacted only with the WCMV antisera in the
agglutination  tests. The expressed sap of plants
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infected with the isolates N 18, N 22, N 55 and
N 56 precipitated heavily with the WCMV
antisera and quite weakly or not at all with the
CYMV antisera (Table 43). The precipitation
tests showed (Table 44) that the precipitation
reactions of all the WCMV/CYMYV isolates
N 18, N 22, N 55 and N 56, like that of the
WCMYV isolate N 44, were very strong to both
the WCMYV antisera (cf. BOS et al. 1960). All
the viruses mentioned, including N 44, also
reacted to AS/CYMV-C, but the reactions of
the N 18 and N 55 were not stronger than that
of a suspension obtained from healthy plants by
means of the same putification method. The
other WCMV/CYMYV isolates, except for N 18,

Table 43. Serological comparison of white clover mosaic
virus isolates with WCMYV and CYMYV antisera received
from Germany and Canada in agglutination tests
Tanlukko 43. Valkoapilan mosaiikkivirusisolaattion serologinen
vertailn Saksasta ja Kanadasta saaduilla WCMV - ja CYMV -
antiseerumeilla agglutinatiokokeissa

Agglutination strength?)
Agglutinatiovoimakkuaus®)
Antigen
Antigeeni Antisera — Am‘inel_‘umil
Virus Otriginal host Q Q, QA
Virus Esikasvi % % E ;
S 5 |g|C
g AEIE
WCMYV isolates
WC MV -isolaatit
N44  P. sativum ...... + 4 + 4+ + —
V. faba ......... + 44 +++ - —
N46 V. faba ........ + 4 . —
N48 V. faba ........ F4(4) _
N5O V. faba ........ .+t —
N57 V. faba ........ + 4+ +++ — —
N61 V. faba ........ T+ +++ — —
WCMV/CYMYV isolates
WCMV|CY MV -isolaatit
N18 P. sativum ...... + () + 4
V.faba ......... +++ 4
N22 P. sativum ...... + 4+ 4+ 4+ | —
V. faba......... +4++ |+ +| —
N55 P. sativum ...... + - +4+(+) +| +
Vi.faba ......... +4 +++ + £
N56 P. sativwm ...... + 4+ + 4+ + 4+
V. faba ........ +++ - |+++ i —

1) Agglutination: -+ heavy — voimakas
Agglutinatio: ++ distinet — selvi
-+ weak — heikko
4 hardly perceptible — tuskin
havaitiava
— none — &/ Jainkaan



from Germany and Canada in precipitation tests

Table 44. Comparison of white clover mosaic virus isolates with WCMV and CYMYV antisera received

V-antiseerumeilla  presipitatiokokeissa

Taulukko 44. Valkoapilan mosaiikkivirus-isolaattien vertailu Saksasta ja Kanadasta saaduilla WCMV- ja C YM

Virus titres ¥) — Virustiitterit ¥)

AS/CYMV-C
T4 | |

256
128
256

32
256

64
32

8
16
64

AS/WCMV-D

|

+

128
64
64

128

64
32 |> 256

16
32
32

32
16

8
16
16

Antiserum titres ) — Antiseerumitiitterit )

ASJCYMV-C
|+ |+

32
512
512
128
256

8
16
8
32
16

AS[CYMV-D

F4 |+t

+

AS/WCMV-C

+++| ++

+

128
512
128
512
512

16
32
32
128
32

0 00 \O
i

AS/WCMV-D
dobd | |+

256
512
128
512
1024

16
64
32
16
32

00 00 \D 0O 0O
—

Antigen — Antigeeni

Vitus isolates purified from — Virus-iso-

laatti pubdistetin kasvista

P.osatioumt . .....oiii i

Ve faba oo
44 V. faba ...t

Vicia faba ..............cc0uus
Pisum sativum

18
22
55

6

22222

Controls — Kontrollit

V. faba
1) The amount of precipitate:

»

»

Healthy — Terve P. sativim ............

— none — ¢é/ Jainkaan

4+ weak — heikko

4+ heavy — voimakas
-+ -} distinct — selvi

Presipitation médrd:

precipitated with AS/CYMV-D, and the precip-
itation was very heavy in the case of N 22. This
antiserum did not react at all with a suspension
obtained from the sap of a healthy plant.

The results show that the WCMV/CYMV
isolates do not differ serologically from the
WCMYV isolate N 44. Thus all the WCMV and
WCMV/CYMYV isolates examined are strains of
white clover mosaic virus that show a weak
serological relationship with clover yellow
mosaic virus.

Cross-protection tests

The cross-protection tests with white clover
mosaic virus were made in one direction only:
broad bean infected with the WCMV or WCMV/
CYMYV isolates were inoculated 7 days and 14
days later with the isolate N 44, which causes
distinct primary necrosis. The plants infected
with the isolate N 50, which causes mild symp-
toms, were clearly partially infected with N 44
(Table 45). The plants infected with the isolates

Table 45. Mutual cross-protection effect of white clover

mosaic virus isolates

Taulukko 45. Valkoapilan mosaiikkivirus-isolaattien keski-
niinen suojavaikuins

Protection % )
Sroja-% *)

No. of days from 1st
to 2n inoculation

1st inoculation/2nd inoculation
virus isolate
1. inokuloiin|2. inokaloitn

virusisolaatii 2. inokuloinnista vrk

1:51d inokuloinnista

7 14
WCMV/CYMV N 18/WCMV N 44 33 100
» N 22/ » 17 100
» N 55/ » 17 100
» N 56/ » 50 100
WCMV N 44 / » 100 100
» N 46 / » 33 832
» N 48 / » 20 20 2)
» N 50 / » 0 67
» N 57 / » 33 100
» N 61 / » 67 100

1y o of plants infected by 1st inoculation only. The 2nd
inoculation N 44 did not cause necrotic primary lesions
on their systemically infected leaves.

2) Result indefinite because 1st inoculation also caused
systemic necrosis or necrotic lesions.

Yy o kasveja, jotka infektoituivat vain 1:selld inoknlaatilla.
2. jnokulaatti N 44 ei pystynyt aibeuttamaan wiiden systee-
misesti infekioituneisiin lebtitn nekroottisia primidrilaikkuja.
2y Tulos epavarma, koska 1. inokulaatti aibentti myis gystee-
misté nekroosia tai nekroottisia laikkuja.
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Table 46. Comparison of effectiveness of various ways of hand-washing subsequent to immersion in virus-infected
(WCMV-N44 and PMV 1) expressed sap

Tanlukko 46. Viroottisessa (WCMV'-N44 ja PMV 1) kasvin puristemebussa kastetujen kdsien pesutapojen tehokkunden vertailu

Hand-washing WCMV —N 44 BYMV —PMV 1
Kasien pesu Infected/ Strength Infected/ Strength
Handling time inoculated of infect. inoculated of infect.
Meneitely aika Infektoit.] Infekiio- Infektoit.| Infektio-
min. inoknloitu voimakk, inokuloitn voimakk.
minnutts No. — &p/ —_— 4 No. — &p/ ——
Infected-healthy plant — Viroottista-tervetti kasvia
touched by hand — kosketeltn kdsin ......... - 0/3 —
pressed by hand — puristeltn kasin .......... — 2/2 +++ 313 ++ -+
Sap inoculation — Mebuinokulointi ............. — 9/9 +4++ 3/3 ++ -+
Hands immersed in infected sap, washed and used
to rub test plants — Kdidet kastettu viroottiseen
kasvimebunn, pesty ja niilli bierottn testikasveja
Washing — Pesu
cold water — &ylmd vesi ................... 1 4/4 A+
warm watet — limmin vesi (c. + 50C) ...... 1 4/4 + 4+
cold water + soap — &ylmi vesi + saippua . .. 1 2/4 + 4
warm water 4 liquid soap — /Jdmmin vesi +
nestem. SAIPPUA ... ... 1 1/4 + 4
warm water — ldmmin vesi 4 0.5 %, Na,PO, .. 1 2/4 4+ 4
» » + RBS lab. wash.
agent — Jab. pesua. 1 3/4 + 4+
» » ~+- soap —
» » + saippua ......... 1 1/4 ++ 0/4 —
» » + oy 3 2/6 . 4+ +
» » + » 5 1/6 +
» » + » -+ brush
» » + » -+ harja 1 2/6 + 0/4 —
» » + » + » 3 1/6 4=
» » + » 4+ » 5 0/6 —
» » + 1% NayPO, .... 1 0/3 —
» » 4+ » » 4 brush
» » + » » barja 1 1/5 +
» » +3% » + » 1 0/6 —
» » +5% » + » 1 0/5 —
10 % alcohol — alkoboli ................... — 1/3 +

N 46 and N 48 showed a systemic nectosis from
which the primary necrosis caused by the N 44
could not be distinguished with certainty. The
other WCMYV isolates and all the WCMV/
CYMYV isolates clearly protected the plants
infected by them against infection with the
WCMYV isolate N 44, which in respect of itself
had a protective effect that was complete as eatly
as 7 days after primary infection. These results
suggest that the examined WCMV/CYMYV iso-
lates resembling clovet yellow mosaic viruses are
closely related with white clover mosaic virus.

Transmission

Sap transmission

White clover mosaic viruses are very easily
transmitted in sap. It was shown in the
dilution end-point tests that WCMYV isolates
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retained their infectivity in dilutions as high
as 10-7 (p. 68) and according to Bos et al.
(1959) some strains do so in dilutions as high
as 10 -°. As the virus got loose on one occasion
and infected several treatments despite the
standards of hygiene and caution always ob-
served, it was found advisable to arrange a hand-
washing experiment. It may be mentioned that
all the plants infected with WCMV were kept
in a small separate compartment in the green-
house, with separate accessoties for watering
and other work.

The WCMY vitrus isolate N 44 was not trans-
mitted when virus-infected plants and healthy
plants, in that order, were lightly touched by
hand without being broken. But the virus was
easily transmitted by hand when the leaves of
the virus-infected and healthy plants were
pressed so as to cause slight damage (Table 46).



Table 47. Aphid transmission tests with white clover mosaic viruses
Tanlukko 47. Kirvasiirrostuskokeet valkoapilan mosaiikkivirnksilla

No. of infected/inoculated plants Y) — Infekioituneitafinoknloitnja kasveja®) kpl
Virus Aphid transmission — Kirvasiirrosius
Aphid ];ij:;;i ?:;‘: {:;::;(j Acquisition feeding period — Akvisitioaika Sap tran.s.mission
isolaatti 20 sec. 5 min. 1 hr. 24 hrs. Mebusiirrostus
20 sek 5 min 1 tunti 24 ¢
Pea aphid — Hernekirva
(Acyrthosiphon pisum):
WCMV/CYMV — N18 0/15 0/16 0/10 0/9 15/15
N22 0/10 0/11 0/10 0/9 10 10
N55 0/20 0/25 0/20 0/20 25/25
N56 0/20 - 0/20 015 0/20 20 20
WCMV — N44 0/15 0/15 0/15 0/15 14/14
Control — Kontrolli
BYMV — PMV1 2/5 2/5 1/5 0/5 4/4
Peach aphid — Persikkakirva
( Myzus persicae):
WCMV/CYMV — N22 0/5 0/10 0/5 0/9 10/10
N56 0/9 0/10 +4/92) +1/72) 10/10
WCMV — N44 0/10 0/5 0/8 0/4 9/9
Control — Kontrolli
BYMV — PMV1 5/5 5/5 5/5 2/4 5/5

1y Test plants pea (P. sativum var. Aikainen matala, Onward, Perfected Freezer, English sword) and broad bean (Vicia

Jfaba var. Pirhonen).

2) Pea with slightly chlorotic veins and ctinkled; back transmission negative.
Yy koekasveina herne (P. sativum var. Aikainen matala, Onward, Perfected Freezer, Engl. mickka) ja peltopapu (Vicia faba

var. Pirhonen).

2) herne lievisti suonikloroottinen ja kurttuinen; takaisinsiirrostustulos negatiivinen.

After ordinary sap inoculation by hand, it was
not possible to make the hands absolutely clean
even after five minutes’ washing with soap and
hot water, and a mild infection was caused when
healthy plants were rubbed with hands that were
still wet after being washed (Table 46). When
a brush was used, the hand became free of virus
after 3—5 minutes of scrubbing with soap and
hot water. It was found to be time-saving to use a
3—5 9, Na,PO, solution applied directly to the
hands instead of soap, after which a one-minute
wash with a brush and hot water was enough.
The hands were not rendeted completely free
of virus by being wiped with 10 9%, alcohol
before a normal one-minute wash.

For the sake of comparison, hands that had
been infected with expressed sap containing
bean yellow mosaic virus were washed. A normal
washing with hot water and soap was enough to
clean the hands of infected PMV virus.

To decrease the risk of infection from the
hand, highly infective viruses were inoculated
by means of cotton wool swabs on matchsticks
towards the end of the study.

Seed transmission

Hamrron (1963) and HamproN and Hanson
(1968) have found that white clover mosaic
virus is transmitted in seeds of red clover.
In tests
which were carried out with imported red
clover seed in the winter of 1968—1969 (cf. p.
46), it proved that 4 seedlings out of 600 were
infected with white clover mosaic virus. The

done to check seed transmission

virus infection could be discerned only in broad
beasi, to which control transmissions were made
from each red clover plant, none of which
displayed distinct virus symptoms. Here is the
reason why virus infection was not found in a
single specimen of the 6 575 red clover seedlings
and 1200 alsike clover seedlings in the tests done
in winter 1963—1964, for no control trans-
missions were carried out at that time (cf. p. 46).

Not a single virus-infected speciment grew
from the seeds taken from plants of pea, bean,
broad bean and vetch that had been inoculated
with the WCMV and WCMV/CYMYV isolates.
The material was admittedly quite small, for
very few seeds developed from the plants other
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than vetch that were infected with white clover
mosaic virus. The results obtained were 0/72
for pea, 0/58 for bean, 0/62 for broad bean and
0/182 for vetch, i.e. all the seedlings grown from
the 374 virus-infected legume seeds were healthy.
Retransmissions wetre made to check whether
slightly mottled plants were virus-infected.

Vector transmission

According to several research workers
(Jounson 1942, Bos et al. 1959, Gorm 1962,
and Dxrevic 1964), white clover mosaic virus
and clover yellow mosaic virus were not found
to be transmitted from one plant to another
by aphids or other vectors. Admittedly, Van
Dzer WanT (1954) and Gorr (1962) obtained a
positive result in some transmission tests.

Using pea and broad bean as test plants,
several transmissiost experiments were done

with strains of the white clover mosaic virus.

WCMV isolate N 44 and WCMV/CYMYV isolates
N 18, N 22, N 55 and N 56 and both pea and
peach aphids. The results were negative in every
case (Table 47). In the test done with isolate
N 56 and peach aphid, the pea plants used as
test plants showed slight mottling, but this was
shown by means of back inoculations not to be
caused by a sap-transmissible virus. For com-
patison, the test included the bean yellow mosaic
virus PMV 1, which was transmitted to pea and
to broad beant both by pea and by peach aphids.

Alfalfa mosaic virus

Strains of alfalfa mosaic virus were isolated
from two samples gathered in Denmark: N 60
from a lucerne plant with chlorotic spots from
a field at Hadsten in Jutland, and N 63 from a
mottled red clover from a ley legume experiment
at Tylstrup experimental station in north Jut-
land. Strains of this virus were also isolated from
two samples gathered in Sweden: N 4 from a red
clover that was in afi experiment carried out by
Dr. Lindsten at Ultuna, and N 42 from a slightly
mottled lucerne plant growing in a field in
Skine, but no tests were made with these
isolates. '
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Effects on yield

It has been established that white clover mosaic
virus causes a substantial reduction in the yields
of white clover and red clover (Fry 1959). In
the present experimerts i small boxes in the
greenhouse it was found that the WCMYV/
CYMYV isolates caused on average a 21 9%, drop
in the yield of the white clovet, the reductions
being significant with the isolates N 22 and N 56.
Reduction of up to 47 9, was caused by
WCMYV isolate N 44 (Table 48).

Table 48. Effect of white clover mosaic viruses on the
yield of white clover in box experiments in the greenhouse

Tanlukko 48. Valkoapilan mosaiikkivirusten vaikutus valko-
apilan satoon kasvibnoneessa laatikkokokeessa

Yield g/100
seedlings
white clover
Sato g[100 tainta
valkoapila

Average ratio
of yields

Treatment .
Satofen

keskimadr.
sl

Koejdsen

Kivi | Tammisto

Control, uninoculated —
Kontrolli, inokuloimaton .. 600 560 100

Inoculated with isolate —
Inoknloitu isolaatilla

N 18 440 500 81

» » N 22 420 460 76

» » N 55 520 420 81

» » N 56 500 400 78

» » N 44 330 290 53
F coefficient — F-arvo .... 6.5%
LSD —PME ............ 21

Symptoms, host plants and susceptibility of legume
varieties

The symptoms caused by alfalfa mosaic virus
in legumes and in several platits of other families
are so distinct and characteristic that the virus
catrt be identified with great certainty by these
symptoms. A number of variant strains of
alfalfa mosaic virus (AMYV) have been described:
the original type alfalfa mosaic virus (lucerne
mosaic virus) (PIERCE 1934, Zaumeyer 1938,
Zsuau 1964); pepper mosaic virus (BERKELEY
1947); yellow patch virus (Krerrrow and Price
1949); potato calico virus and tuber decrosis virus
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Fig. 18. Symptoms caused of alfalfa mosaic virus AMV isolate N 63 a) primary lesions on bean leaf (Phaseolus vulgaris

var. Cita) 5 days after inoculation, b) secondary lesions on

tobacco ([Nicotiana tabacum var. White Burley) leaf 14 days

aftet inoculation and c) on Anhirrbinum majus leaf 1 month after inoculation

Kuva 18. Sinimailasen mosaiikkiviruksen AMV -isolaatin N 63 aibeuttamia symptomeja a) primiirilaikkuja Cita-pavun lebdessd
5 vrk inokuloinnista, b) sekundidrilaikkuja tupakan lehdessi 14 vrk inokuloinnisia ja c) leijonankidan lehdessd 1 kunkansi ino-
kuloinnin jilkeen

(OswaLp 1950); and alfalfa yellow mosaic virus
(Zaumeyer 1953). The isolates described here
resemble most closely the original type of alfalfa
mosaic virus.

The alfalfa mosaic virus AMYV isolate N 63
infected 23 out of 34 legume species and 10
out of 13 plants of other families (Table 39,
p. 62).

The pea plants (Pisum sativum) initially revealed
slight chlorotic and necrotic spots, and ring
spots on the leaves inoculated with the AMV
isolates N 60 and N 63, these leaves wilting
gradually. No distinct systemic symptoms ap-
peared, apart from the slight stunting as com-
pared with the control, and the virus is difficult
to identify from the symptoms it caused in pea.
All the 37 pea varieties and 6 field-pea varieties
(P. arvense) tested were susceptible to this alfalfa
mosaic virus (Table 37, p. 59).

French bean (Phaseolus vuigaris) was excel-
lently suited as an indicator plant for alfalfa
mosaic virus. Both the isolates included in the
test caused primary necrotic ringspots and
spots (Fig. 18 a, Table 49) on all the 25 bean
varieties tested. At inoculation with N 63, dis-

10 5532—70

tinct ring spots with a diameter of 2—3
mm appeared rapidly (in 2—3 days), while
upon inoculation with N 60 dot-like spots of
approximately 1 mm diameter appeared more
slowly (in 4—5 days). On a few varieties (Cutina,
Erntesegen, Perle Sukker) there appeared only a
small number of faint spots. Half the varieties
also revealed systemic vein clearing mottle,
although this was often masked, particularly
when a high temperature prevailed.

In about 5 days after inoculation both AMV
isolates caused symptoms on the leaves of broad
bean (Vicia faba), necrotic ring spots and spots
of 2—3 mm diameter (Fig. 18) and a systemic
mottle that was later masked. The virus also
caused necrotic spots on the leaves of the vetch
(V. sativa).

The isolate N 60 caused an infection in all the
red clover clones (Trifolium pratense) tested,
including the red clover clone III, which was
resistant to bean yellow mosaic virus. Inoculation
with the isolate N 63, which was originally iso-
lated from red clover, did not usually lead to the
infection of red clover except for the clone II,
which revealed slight vein chlorosis and vein
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Table 49. Susceptibility of bean varieties to alfalfa mosaic and broad bean stain viruses
Tanlukko 49. Papnigjikkeiden alttins sinimailasen mosaiikki- ja peltopavun siemenlaikuvirnksille

Bean variety

No. of infected/inoculated plants ') —  Infektoitnjalinokuloituja kasvefa, kplt)

Papulajike AMV BBSV
N 63 N11 ] N 14 N 35 N39
Phaseolus vulgaris L.
Bonita .............. e, +L1S 6/6 +L 0/4 0/1 0/7 5/6
Bred Svird ....... ..., +LS 4/4 — 0/1 0/1 6/7 0/5
Carlos Favorit ..................... +1S 44 | +LES) 01 0/7 0/6 8/13
Cita Hg ...ovviiiiii i +L 5/5 — 0/8 0/4 0/6 0/6
Cutinag .....oovvvviii ... (+1)y 1/4 — 0/1 0/1 0/2 0/5
Erntesegen ........................ (+L) 17 — 0/1 0/1 0/2 0/2
Express ........ciiiiiiiiiiii.. +1LS 77 +S 0/1 0/1 4/10 0/5
Fiskeby .......... .. ...l +L 5/5 +L(S) 0/1 0/1 0/12 5/15
Flavia ...... ... ... ... +LS 6/6 — 0/1 0/1 0/6 0/6
Goldhotn ........... i +L 5/5 — 0/7 ’
Hundra féren ..., +LS 9/9 +-L(S) 4/6 4/6 0/19 7/10
Juli oo +L 2/7 +S 0/1 0/1 1/6 4/5
Kaiser Wilhelm .................... +L 4/5 +8 0/5 8/8
Konserva Hg ...................... +L 414 | — 0/10 0/10 0/7 0/9
Konserva II OE ................... +1S 5/5 +1LS 5/14 5/14
Master ....... I +LS 4/4 — 0/1 0/1 0/4 0/4
Nimbus ..............oooiiiLl. +L 5/5 — 0/1 0/2
Notdstjiirnan ....................... +LS 2/4 — 0/1 0/1 0/5 0/4
Petle Sukker ....................... +LS 2/4 +L 0/1 0/1 0/6 2/3
Processor/57 ....... ... oL, +(Ly 777 +S 0/1 0/3 0/10 5/11
Refugee .......ccoviiiiiiiinnnn... +L 5/5 +L 4/4 2/7 4/10
Saxa L. +1s 7/7 — 0/1 0/7 0/6 0/14
Stella ... +1S 6/6 +(S) 2/4 0/3 0/4 0/6
Svird Danmark .................... +L 5/5 — 0/1 0/1 0/6 0/4
Svird extra bred ................... +L 6/6 — 0/1 0/2 0/5 0/6
Voks Carmencita ................... +LS 77 — 0/1 0/1 0/5 0/4
Voks Tottento &’Oro .............. +1S 2/4 — 0/10 0/10 0/3 0/11
Voks Triumph ..................... +L 6/6 + LS 0/10 0/7 3/19 8/12
Phaseolus coccinens L.
Runner bean — Runsupapu
Scatlet floweted — Punakukkainen . ... — 0/3 — 0/3 0/4 0/3
White » — Valkoknkkainen . . .. — 0/2 — 0/3 0/3 0/5
Red-white » ~— Perbospapu ... ..... — 0/4 — 0/3 0/4 0/3
Vicia faba 1.
Hangdown ........................ +LS  3/7 .| +S 1/5 2/6 27 6/9
Maxime ....... ...l — 0/4 -5 2/3
Minor ... +L 2/4 +5S 2/4
Pirhonen .......................... +LS 5/6 +8 3/4 7/8 6/7 6/6
Sv. Primus ..............00ie.... +LS  6/6 +S 4/5 5/6 3/5 1/4

1) L = Local lesions
(L) = Latent primary infection
= Systemic symptoms
(S) = Latent systemic infection

Y L = Paikallislaikkuja
(L) = Latentti primidri infektio
= Systeemiset symptomit
(S) = Lateniti systeeminen infektio

banding (cf. p. 21). White clover also became
slightly infected with the isolate N 60 but not
with the isolate N 63. In contrast, N 63 caused
white melilot (white sweet clover) to wilt, while
N 60 only caused it to mottle slightly.

The severity of the infection that the AMV
isolates caused in lucerne (Medicago sativa) varied
a great deal among the several varieties included
in the greenhouse experiments. N 60 caused

74

tiecrotic and chlorotic local lesions (Alfa Wb),
chlorotic spots sytemically along the veins (Mega
Hg) or slight green mosaic (Alfa Wb, Tuna Sv)
or a latent infection (Safir @t). The symptoms
caused by the isolate N 63 were slighter, and it
was not possible to transmit it back from Tuna.
This resistance was probably due to the test
conditions, for BeczNEr and MaNNINGER (1968)
did not find a single strain resistant to AMV in a



large material comprising 700 lucerne strains.
It has been established (Quanrtz 1956b) that
lucerne becomes less infected when inoculated
with sap in greenhouse than when infected by
aphids in nature. At a high temperature the
symptoms are frequently masked (ZAUMEYER
1938) and the virus concentration is low (Kunx
and Ba~crorr 1960). This, apparently, is why
the tests done on original AMV samples col-
lected in the heat of July (cf. p. 7) initially
produced a faint and hardly perceptible positive
result.

Unlike other legume viruses, the alfalfa mosaic
virus caused infections in several commonly
used test plants of other families (Table 39)
(Zaumeyer 1938, QuanTz 1956b) such as tobacco
plants (Nicotiana glutinosa, N. tabacum), pigweed
(Chenopadinm album, C. amaranticolor, C. quinoa),
petunia (Petunia hybrida) and snapdragon (Anth-
irrhinum majus) (Figs. 18 and 19). In many plants
the systemic symptoms, which at first appeared
distinctly later became masked. Neither of the
isolates caused an infection in tomato (Ljyeo-
persicum  escelantum  var. Bonner Beste) (cf.
Quantz 1956b), as several AMV strains do
(Marrou and MiGriorr 1966), nor in cucumber
(Cucumis sativus var. Butcher’s OE) as do the
AMYV strains described by Brack and Price
(1940), Quantz (1956b) and ZscHAU (1964).

Fig. 19. Symptoms caused by alfalfa
mosaic virus AMYV isolate N 60 a)
primary necrotic ring spots on broad
bean Pirhonen 5 days after inocul-
ation, b) systemic symptoms on
Chenopodinum quinoa, 17 days after
inoculation

Kuva 19. Sinimailasen mosaiikkiviruk-
sen AMV -isolaatin IN 60 aiheuttamia
symptomeja, a) primddriset rengaslaikut
Pirbonen-peltopavussa 5 vrk inokuloin-
nista, b) systeemiset symptomit Chenop-
odium quinoassa 17 vrk inokuloinnista

Fig. 20. Local lesions and systemic symptoms caused by

alfalfa mosaic virus AMV isolate N 63 on Chenopodinm

amaranticolor 17 days after inoculation; left uninoculated
control

Kuva 20. Sinimailasen mosaiikkivirnksen AMV -isolaatin N 63

infektoima Chenopodium amaranticolor 17 ork inokuloinnista,
vas. rerve
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Fig. 21. Alfalfa mosaic virus particles, spray method, negatively stained wit

RIS ot

h 19%

phosphotungstic acid. x 170 000
Kuva 21. Sinimailasen mosaiikkivirushiukkasia. % 170 000

Morphological and physical characteristics

The virus particles of the AMV isolates were
of the round and elongated shapes typical of
alfalfa mosaic virus, being once, twice or three
times as long as they were bread (Fig. 21). The
measurements for the N 63 isolates were:
length category T .......
length category 1I.......

length category III .......
breadth

23 + 2.7 mu 76 particles
35+ 24mu 91 »
55429 mu 62 »
17 4 1.0 mu 128 »

The thermal inactivation point, which varies for
the different AMV strains between 53°C and 70°C
(ZauMEYER 1953), was 62°C for isolate N 60 and
60°C for isolate N 63 (Table 50). The longevity
in vitro at room temperature (+22°C) of these
AMYV isolates was very poor, being /,—1 day.
But in the refrigerator (44°C) the N 60 retained
its infectivity in crude sap for as long as 14 days,
while the N 63 did so for only 4 days, the figures
for the purified state being 7 moths and 4 months
respectively. Although AMV does not differ from
most other legume viruses in respect of thermal
inactivation point, it is more susceptible than
these to the effects of temperature (cf. p. 78).
Both the isolates retained their infectivity in
dilutions of 10 -3, but not at 10 -* (Table 51).
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Serological tests

The serological tests were done with the AMV
antiserum AS/N 63 produced for the isolate
N 63 and with the AMV antiserum AS/AMV-H
sent by Dr. Bos. Both the AMV isolates N 60 and
N 63 precipitated with these antisera (Table 52).
The titre of the antiserum AS/N 63 was quite
high, being 4 096. Neither virus reacted to the
normal serum used as a control or to the red
clover mottle virus antiserum AS/RCMV-H
sent by Dr. Bos.

Transmission
Sap transmission

Despite the easy sap transmissibility of alfalfa
mosaic virus, the AMV isolates N 60 and
N 63 did not always infect the plants with
the same regularity as the other sap trans-
missible legume viruses described in the pre-
sent study. An attempt was made to obtain the
inoculates to be used in the tests from young
infections, because it has been found (Kuna~
and BancrorT 1960) that the virus concentration
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Table 50. Thermal inactivation points of alfalfa mosaic and broad bean stain viruses and their longevity in crude sap
and purified preparation at various temperatures and in frozen plants

Taulukko 50. Sinimailasen mosaiikki- ja peltopavun siemenlaikkuvirusten limménsietoraja ja sdilyvyys kasvimebussa ja pubdis-

N tettuna eri lampitiloissa ja jidtyneissd Rasveissa

No. of infected/inoculated plants — Infektoituneita|inokuloituja kasveja, kpl

Treatment AMYV isolates — AMV -isolaatit BBSV isolates — BBSV-isolaatit
Kasistely
N 60 | N 63 N 11 N 14 N35 N 39
In crude sap — Kasvin puristenehussa
A Control — Kontrolli ................. 4 16/16 | + 6/6 4 29/31 | + 18/18 + 17/17
10 min. 50°C ... + 15/15 4+ 14/16 | + 14/17 4+ 15/17
L 4+ 15/15 | + 3/23 + 16/18 + 21/21
54 e 4+ 17/17 | + 10/24 + 14/17 4+ 15/21
BB e — 0/8 +  3/17 + 14/18
LT + 14/17 | + 8/24 + 10/15 o+ 819
58 e 4+ 11/16 | + 8/18 -+ 6/17 + 5/2t
60° e + 7117 | 4+ 9/20 +  2/18 | + 1/17 + 7/19
62° i 4+ 4/15 | — 0/19 + 1/16 — 0/20
6% e — 0/16 — 0/13 — 0/19
65% e — 0/14 | — 0/18 —  0/17
66° i — 0/17
B Control — Kontrolli ................. 4 10/10 | + 5/5 + 5/5 4 5/5 + 5/5 + 5/5
422°C 12 h—2 oo, 4 6/10 | + 4/5 + 1/5 + 2/5 +  6/6 + 5/6
1lday—ork .oooiiinnin, + 5/10 | — 0/6 + 1/5 — 0/5 + 5/6 + 4/5
2 days— 278 ...iiiiiaen — 0/10 0/6 — 0/6 — 0/5 + 1/5 + 2/6
4 » M e — 0/12 | — 0/6 — 0/5 — 0/5 — 0/5 -+ 1/6
7 » P Y — 012 | — 0/7 — 0/5 — 0/5 — 0/6 — 0/6
C Control — Kontrolli ................. + 10/10 | 4 5/5 + 5/5 + 5/5 + 6/6 |-+ 5[5
+4°C lday—ork ... + 10/10 | + 4/6 + 15 | + 2/5 | + 4/4 + 6/6
4 days —ork ...l 4+ 5/10 | + 3/6 — 0/5 — 0/5 4+ 6/6 +  3/6
7 » SN 4+ 5/10 | — 0/6 — 0/5 — 0/6 +  6/6 4+ 1/6
14 » B e + 3/9 | — 0/6 — 0/3 | — 0/6 | + 5/5 — 0/5
1 month —4&& .......... — 0/10 R S|+ 6/6 —  0/6
2 months —kk .......... -+ 5/7
3 » P e + 3/9
Purified — Pubdistettuna .
+-4°C 7 months — k& .......... 4+ 2/3 — 0/4 — 0/4 | — 0/4 4 4/4 4 4[4
12 » P e — 0/4 — 0/5 — 0/4 — 0/8 — " 0/6
In plants — Kasveissa ) ,
—20°C 8 months — &% .......... o4 | — o6 | + 23 |+ 33 |+ 55 [+ 4/6
17 » D i +  5/5 "+ 5/5 :
20 » D e — 0/5 - 4 4/4 -4 " 5/5
28 » B S — 0/4 + 5/5 — 05

“Table 51. Infectivity of alfalfa mosaic and broad bean stain viruses in various dilutions

— 05

Taulukko 51. Sinimailasen mosaiikki- ja peltopavan siemenlaikkuvirusten infektiokyyyn siilyminen eri laimennoksissa

Dilutions

No. of infected/inoculated plants — Infektoitancitafinokuloituja kasveja, kpl

AMV BBSV isolates — isolaatit
Laimennokset

N 60 * Né63 N 11 N 14 | N 35 N 39

Undiluted — Laimentamaton ............ + 6/6 + 77 + 6/6 + 6/6 + 6/6 + 77
T I + 55 | 4+ 1212 + 6/6 | + 66 | + 6/6 | -+ 6/6
0% ....... SR + 56 | 4+ 912 4+ 6/6 | -+ 66 | + 6/6 | + 88
1078 ot + 46 |+ 82| + 15 | + 36 | + 2/5 | + 46
1078 o — 06 |— o013 — o6 | + 15 | + 15 | — 08
1075 e —0/6 | — 012 —o0/6 | —o06 | — 06 | — 08
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Table 52. Serological comparison of alfalfa mosaic viruses in precipitation tests
Taulnkko 52. Sinimailasen mosaiikkivirusten vertailu presipitatiokokeissa

Antigen — Auntigeeni Antiserum titres ) — Antiseernmitiitterit 1)

| Vitus titresY) — Virastiitterit 1)

Virus purified from

NS/ |

host plant AS/N 63 [ AS/AMV-H R | 2 A ] AS/N 63 AS/AMV-H o
imibn |+ 4]+ ‘+++| | L ] ] ] e [+ ]+ |+
i |
N 60 P. vulgaris 16} 128|2048| 16| 64| 256 —| —| —| 128|512|> 512 256/ 512|>512f —| —|
N 63 P. vulgaris 16| 128{4096] 22| 128| 512| —| 16 — 128|512[> 512] 512|> 512|> 512| —j 16| —

1) Degree of presipitation: -+ heavy — soimakas
Presipitatiovoimakknus: + + distinct — selvi
+ weak — heikko

in plants declines, especially at high temperatures.
According to some research workers (HaGe-
DORN arid Hanson 1957, Bopnar and Kviéara
1968), a high pre-inoculation temperature pro-
motes the infection of test plants with AMV. The
tesults of the tests made at the Department of
Plant Pathology however, do not lend support
to this opinion. A test in which the plants were
kept at the various temperatures of 15°C, 20°C,
25°C and 30°C during the 24 hours prior to
inoculation did not reveal any significant differ-
ences in the number of spots forming on the
leaves of the inoculated Cita beans and Pirhonen
broad beans, although the 20°C and 25°C tem-
peratures were ofi average more favourable
than the two extremes (Table 53). In atother
test, in which the temperature of the inoculates
was kept at 0°C, 5°C, 10°C, 15°C, 20°C and 25°C,
2 large number of spots formed on the leaves
of all the Cita beans inoculated with these.

Table 53. Effect of pre-inoculation temperature on the
infectivity of alfalfa mosaic virus

Taulukko 53. Preinokulatiolimpitilan vaikutus sinimailasen
mosatikkivirnksen infektiovoimakkuuteen

i — Laikkujaflebti
Preinoculation Lesions/leaf — Laikkujaflebti

temperature Phaseolus vulgaris l Vicia faba
I’r;;':;zﬁ;ﬁ:ia- AMVY isolates — AMV -isolaatit
°C

N 60 ‘ N 63 I N 60 N 63
150000l 260 | 440 15 44
20 .. 360 550 48 38
T 440 540 43 70
30 ... 320 400 15 56

Seed transmission

In these tests no seed transmission of alfalfa
mosaic virus could be established within the
scope of - the small material used, unlike the
findings of e.g. ZscHAu and Janke (1962),
Frosmriser (1964), StuteviLre and Hanson
(1964 b) and Gisss (1966).

Vector transmission

Because previous studies (WerMer 1934,
PorTER 1935, OswaLp 1950) have shown alfalfa
mosaic virus to be nonpersistent (stylet-borne),
only a 5-minute acquisition feeding period
and a 24-hour infection (test) feeding period
the aphid transmission
experiments done with the isolates N 60 and
N 63. The transmissions were mostly done
with pea aphid (Aeyrthosiphon pisum), both the
red and the green form, which is the most
important aphid species occurring on legumes
in the Nordic countries (cf. p. 47). Only in one
test was the peach aphid (Myzgus persicae) used as
vector. This latter aphid was the most efficient
at transmitting the AMV, while the green pea
aphid was more efficientt than the red (Table 54).
The species of host plant also had an effect on the
results of the aphid transmissions. The virus
was morte easily transmitted from clover than
from annual legumes, this probably being due
to the weakness of the systemic infection caused
in the latter by the alfalfa mosaic virus (cf. p. 73).

were employed in

Broad bean stain virus

A virus reminiscent of broad bean true mosaic
virus (QuanTz 1953b, PAUL et al. 1958) in particle
shape and size and in symptoms caused in some
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legumes were isolated from samples gathered
during a trip to Sweden: N 35 from alsike clover
and N 37 and N 39 from Lamprecht’s genetic



Table 54. Transmission of alfalfa mosaic virus by pea aphid and peach aphid

Taulukko 54. Sinimailasen mosaiikkiviruksen siirtyminen berne- ja persikkakirvoilla

Infected/inoculated plants

Aphid species — Kirvalaji

Infekioituneita|inokuloituja kasveja kpl

Infection 9%,
Infektoitumis-%;

Host plants — [lsdntdkasvit - —_— - —
| N 60 N 63 ‘ N 60 N 60 + N 63 N 63
Acyrthosiphon pisum (green and red) —
(vibred ja pun). !
V. faba V. faba .... 1/14 9/46 16.7
V. faba — P. sativum . . 1/5 1/14 10.5
P. sativum — P. sativum .. - 0/14 0
T. pratense — P. sativum .. | 10/22 - 45.5
T. pratense — 1. pratense .. | 2/6 — 333 —
T. hybridum — T. bybridum . | -- 3/14 - 21.4
Green A. pisum legume > legume 1 | |
Vibred »  palkokasvit — palkokasvit .. . 9/29 | 9/51 22.5 i
Red » » » |
Punainen  » » » 5/18 4/51 ‘ 13.0 |
In total — Yhteensd | 27/149 |
Average — Keskimddrin | ‘ 18.1 |
Myzus persicae V. faba — V. faba ....| 5/14 | 357 |

Fig. 22. Symptoms caused by broad bean stain virus BBSV isolate N 39 on

a) broad bean var, Pirthonen b) pea var. English sword 21 days after inoculation

Kuva 22. Peltopavun siemenlaikkuviruksen BBSV -isolaatin N 39 infektoima a) Pir-
bonen-peltopapu b) Englannin miekka berne 21 vrk inokuloinnista

pea strains from Weibullsholm, and N 11 from
broad bean and N 14 from vetch from the ex-
perimental fields of the Svalév branch at Kalmar.
In terms of some characteristics, however, they
were mote reminiscent of the Evesham stain
virus (Lroyp et al. 1965) and MF virus (De-
VERGNE and CousiN 1966), until the serological
tests, reported further on, showed that they and
these latter were identical with broad bean stain
virus (Gisss et al. 1968), for which reason they
are referred to as BBSV isolates. Most of them
initially occurred in mixed infection with bean

yellow mosaic virus, from which they were later
separated.

Symptoms, host plants and susceptibility
of legume varieties

The broad bean (Vicia faba) plants infected
with the BBSV isolates at first revealed vein
chlorosis and chlorotic spots. With increasing
severity of infection they developed small,
puckered and chlorotic leaflets, some of which
had green islets and necrotic dots and streaks
(Fig. 22). At a later stage the plants frequently
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a

b

Fig. 23. a) Slight mosaic symptoms on Refugee beans caused by broad bean
stain virus isolate N 35, b) healthy, uninoculated control
Kuva 23. a) Peltopavun siemenlaikkuvirus-isolaatin IN 35 infektoima Refugee-pavun
lebti, b) inokuloimaton kontrolli, terve

partly recovered. In hot weather, e.g. in the
greenhouse in summer, the symptoms were
slighter. The isolates N 35 and N 39 caused
severer symptoms than the others. The mixed
infection BBSV + BYMV (or PMV) was
extremely severe. The symptoms caused by the
BBSV. isolates are reminiscent of the symptoms
that Quantz (1953b) described as being caused
by seed-transmissible broad bean mosaic virus,
which, according to Pauw et al. (1958), was broad
bean true mosaic virus. Gisss et al. (1968) did
not notice any difference between its symptoms
and the symptoms caused by broad bean stain
virus in broad bean. The symptoms caused by
red clover mottle virus in broad bean are much
severer, leading to necrosis and a very rapid
wilting of the plants (Sivua 1960, Bos and Maar
1965), which in the present study was only once
established on broad bean, this being a plant
infected with the isolate N 39.

The BBSV isolates caused an infection in all
the pea varieties (Pisum sativum, Table 37, p. 59)
tested, initially causing chlorotic crinkling spots
and gradually producing severe chlorotic mottle
on puckering small-sized leaves, which symp-
toms might later be masked at the top of the
plants (Fig. 22). In the mixed infection of BBSV
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+ BYMV (PMYV) the symptoms were ectremely
severe and the plant was very stunted. A high
temperature made the symptoms weaker in both
pea and broad bean. The symptoms caused in
pea plants by the isolates tested are very remi-
niscent of those caused by broad bean mosaic
virus (Quantz 1953 b, PauL et al. 1958), MF
(DEvErRGNE and Cousin 1966 and BBSV (Gisss
et al. 1968). The symptoms caused on pea plants
by RCMV are mostly severer, also causing
internal necrosis of stems and petioles often
leading to top necrosis and distortion (Bos and
MaaT 1965).

In some of the French bean (Phaseolus vulgaris)
varieties (Bonita, Carlos Favorit, Hundred for
one, Konserva II, Perle Sukker, Voks Triumph;
Table 49) the BBSV isolates caused local symp-
toms i.e. local irregular clearing of veinlets,
which spread systemically in a few varieties
(Express, Juli, Kaiser Wilhelm, Konserva II,
Processor) (Fig. 23). Usually the infection
appeared in the form of chlorotic blotches in
which the veinlets were chlorotic, and also in the
form of slight stunting. Most of the 29 bean
varieties tested proved to be resistant to one or
more of the isolates (Table 49). According to
Gisps et al. (1968), broad bean stain virus



c

Fig. 24. Symptoms caused by broad bean stain virus isolate N 39, a) healthy, uninoculatéd Lupinus albus, b) Lupinus
albus 16 days after inoculation, c) Vieia sativa 20 days after inoculation with BBSV isolate N 39
Kuva 24. Peltopavun siemenlaikkuviruksen isolaatin N 39 aibenttamia symptomeja, a) inokuloimaton Lupinus albus, b) Lupinus
albus 16 vrk inokuloinnin jilkeen, ¢) Vicia sativa 20 vrk inokuloinnin jéilkeen

(BBSV) infects some French bean varieties
locally and others systemically, but broad bean
true mosaic virus (BBTMYV) does not infect
beans at all. On some bean varieties the broad
bean mosaic virus described by Quantz (1953b)
(BBTMV according to Paur et al. 1958) caused
chlorotic blotches like those caused by the isolate
N 39, for example. Red clover mottle virus
causes necrotic primary spots on French bean
as little as 4 days after inoculation, but does not
generally spread in it systemically (Bos and Maar
1965).

Of the 31 legume species tested with the BBSV
isolate N 39, 7 did not become infected (Table 39
p. 62). These latter included Glycine soya, Phaseolus
lunatus and Trifolium repens. On white clover the
isolate N 14 caused a slight green mottle, but it
was not possible to transmit it back, which,
according to Quantz (1953b), is also the case
with broad bean mosaic virus. 7. pratense and
Lupinus albus did become infected (Fig. 24),
while, according to DEeveErceNE and Cousin
(1966), they did not become infected with MF,
and so did 7. hybridum, which, in addition to
T. pratense and Lupinus albus, is not susceptible
to BBTMV, according to Quantz (1953b). Most

of the isolates caused local lesions in lucerne

(Medicago sativa), and N 37 caused systemic
lesions as well. Isolate N 39 caused a great
number of local lesions and ring spots and severe
systemic vein banding chlorosis in vetch (I7ia
sativa) (Fig. 24).

Three of the 13 tested plant species of other
families became infected (Table 39). Azriplex
litoralis displayed local chlorotic lesions upon
infection with isolate N 39. With the exception
of N 37, the BBSV isolates tested gave rise to
systemic red dots on Gomphrena globosa, from
which they could be back transmitted. Only the
isolate N 39 could be back transmitted from
latently infected Tetragonia expansa. Isolate N 37
caused indefinite chlorotic primary lesions on
Chenapodinm amaranticolor, which has been shown
to be a host plant of the MF virus (DEVERGNE
and Cousin 1966) but not of BBSV (Gisss
et al. 1968).

Morphological and physical characteristics

Good virus preparations were obtained from
plants infected with broad bean stain virus
isolates when purification was done with the
tet-

chloroform-butanol or the ether-carbon
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Fig. 25. Broad bean stain virus particles, spray method, negatively stained with 1 9
phosphotungstic acid. x 100 000

Kuva 25. Peltopavun siemenlaikkuvirushinkkasia. x 100 000

rachloride method (cf. p. 13). The electron mi-
croscope preparations were made with purified
virus suspension by the spray method, for the
dip method was poortly suited for this virus. The
virus particles were isometric and distinctly
polygonal in outline (Fig. 25). They (180 par-
ticles) had a diameter averaging 23 4 0.9 myu), i.e.
they were roughly the size of BBSV and BBTMV
(Gises et al. 1968). Red clover mottle virus
particles are clearly larger (Sinvma 1960, Bos and
Maar 1965), and broad bean mottle virus
particles are smaller (BAwDEN et al. 1951).

The BBSV isolates retained their infectivity
for 10 minutes at 60°C, but most of them did
not do so at 62°C, only the N 14 being still
slightly infective when heated to this latter temp-
erature (Table 50, p. 77). Broad bean stain virus
(Gisss et al. 1968) and red clover mottle virus
(SiveA 1960) have similar thermal inactivation
points, while those of broad bean mosaic virus
(Quantz 1953b) and broad bean mottle virus
(BAwpEN et al. 1951) are substantially higher.
The BBSV isolates retained their infectivity in
vitro in sap at room temperature (-}-22°C) for
1/ ,—4 days, and all except N 35 did so in the
refrigerator (-+4°C) for 1—7 days, i.e. not so
long as the other spherical viruses referred to
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Table 55. Serological comparison of broad bean stain

virus isolates in agglutination and precipitation tests

Tanlukko 55. Peltopavun siemenlaikkuvirus-isolaattien sero-
loginen vertailu agglutinatio- ja presipitatiokokeissa

Agglutination ')
Agglutinatio)
AS-dilution 1:2
AS-laimenn. 1:2

Precipitation ?)
Presipitatio¥)
AS-dilution 1:8
AS-laimenn. 1:8

Antigen

Antigeeni

Virus from host

Virns isintikasvista

‘ AS/N 14 ’ AS/N 39 | AS/N 14 | AS/N 39

N1 Vil i oo |+ L ‘ '
_i_

T

+ 4+

+

Pisum sativwm . . | + +
Lupinus albus . .
N14 V. faba ....... ++
P. sativum . ... |+
L. albus ......
N35 1. faba \
P. sativum . ... + L
L albug & v + |
1. faba
. sativum . . ..
N39 1. faba
P. sativam . ... |
L e & savin

+
4
F++ +
s

4+ .{_

N37

"

+-
+++

|

L{A V&

Healthy — Terve
PN -7 +

P. sativam ....| — |

H-

1) Agglutination and precipitation:
Agglutinatio ja presipitatio:

+++ heavy — 4+ hardly pet-
voimakas ceptible —
-+ + distinct — tuskin havait-
selvd tava
+ weak — — none — ¢f
bheikko lainkaan



Table 56. Serological comparison of broad bean stain virus isolates in precipitation tests
Tanlukko 58. Peltopavun siemenlaikkuvirus-isolaaition serologinen vertailu presipitatiokokeissa

Antiserum titresY) — Antiseeramitiitterit?) Virus titresY) — Virastiitteritt)
Antigen — Antigeeni
Virus from host plant AS[N39 AS/RCMV-H AS/N39 AS/RCMV-H
Virus isintdkasvist
' +++ ++ + ++4+ | +-+ + +4+ ++ + +++ 1 ++ | +

N 14 V. faba...... — — 8 —_ 32 128 —_ — 64 — 32 64
N 35 V. faba ...... 128 256 8192 64 128 256 8 84 512 8 256| 512
N 35 P. sativum 128 | 4096 16 384 256 512| 1024 8 64 512 8 64| 512
N 37 P. sativum — 256 | 1024 8 32 64 —_ 128 512 32 256 512
N 39 V. faba ...... 16| 4096| 8192 16 64 512 32 128 512 8 256| 512

1) Precipitation: +-+- heavy — soimakas
Presipitatio: 4+ 4 distinct — selvi
4 weak — heikko

Table 57. Precipitation reactions of broad bean stain virus isolates with antisera of spherical viruses of legumes
Tanlukko 57. Peltopavun siemenlaikkuvirus-isolaattien presipitatioreaktiot pallomaisten palkokasvivirusten antiseerumien kanssa

Antigen — Antigeeni Antiserum titres Y) — Antiseeramitiitserit *)
V”“sh},’s‘:’ﬁ;itf“’m AS/BBSV-N 39 AS/BBSV-E AS/RCMV-D AS/BBMV-D AS/BBTMV-D
Virus pubdisteitu ]
indniakarista S s |+ Jer| [ o e I e Bl el R Rl B
N 11 V. faba...... 8 32| 256 — =] — o ) = = = =] = =
N 14 V. faba...... 8 64| 512 — —| 64 —] — 8| —| — 8
N 35 P. sativum ... 16 128| 5122 16| 256| 512 %) — 8| 64 —| — 8 — — —
N 39 V. faba ...... g| 32| 5128 8| 16| 256
»  P. sativum ...| 256 1024| 2048 16| 128| 5123} —| — 8 —| —| - - - —
Healthy — Terve )
V. faba...... — — 16 — —| 14 [N [ [ e e . T s
P. sativum ...| — 8 16 — —| o4 = = — = = = — —

1) Precipitation: +--+ heavy — soimakas
Presipitatio: ++ distinct — sevd
+ weak — heikko
none — éf lainkaan

here. The N 35 viruses retained their infectivity
in sap kept in the refrigerator for as long as 3
months (cf. GiBss et al. 1968).

The BBSV isolates N 11 and N 39 retained
their infectivity in the sap of virus-infected broad
bean at dilutions of 10 -3, and isolates N 14 and
N 35 still retained it weakly at 10 -¢ (Table 51,
p- 77) which roughly corresponds to the dilution
end points of BBSV, BBTMV and RCMV.

Serological tests

Antisera were produced for the isolates N 14
and N 39 (AS/N 14 and AS/N 39) (see p. 12).
Both the agglutination and the precipitation
reactions indicated a mutual relationship of the
viruses in this group (Table 57).

21 5532—70

2) The highest tested titre
Korkein kokeiltu tiitteri

The virus strains studied, especially the iso-
lates N 35 and N 39, wete found to react strongly
to the red clover mottle virus antiserum AS/
RCMV-H received from Dr. Bos (Table 56).
Despite this, the virus could not be regarded as
identical with red clover mottle virus because
of its severer symptoms (cf. p. 80) and the larger
size of the particle (cf: p. 82).

In the early phase of the study, when antisera
such as AS/N 14 and AS/N 39 were produced,
many of the BBSV isolates occurred as part of a
virus complex together with bean yellow mosaic
virus. The isolates could be successfully purified
from the PMV particles by transmission through
the Onward pea or through Gomphrena globosa.
After this, new preparations of the virus were
made for the serological tests, as was a new anti-
serum AS/BBSV-N 39 for the isolate N 39. -
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In spring 1968, antisera were received from
Dr. Wetter of Brunswick for red clover mottle
virus (AS/RCMV-D), broad bean true mosaic
virus (AS/BBTMV) and broad bean mottle
virus (AS/BBMYV) and, in August 1968, from Dr.
Gibbs of Rothamsted for broad bean stain virus
(AS/BBSV-E). In the precipitation tests, isolates
N 35 and N 39 definitely precipitated with AS/
BBSV-E. As this antiserum did not suffice for
many tests, the other isolates were tested with
AS/BBSV-N 39, which on the viruses N 35 and
N 39 caused a precipitation that was as strong as
or slightly stronger than that caused by the AS/
BBSV-E (Table 57). The reaction was a positive
one. The isolates studied also formed a slight
precipitation with AS/RCMV-D. The weak
precipitations with AS/BBMV and AS/BBTMV
that occurred at dilutions of 1:8 are unlikely
to be of importance. Thus serological tests
confirmed the opinion that the isolates studied
were strains of broad bean stain virus that
revealed a distinct serological relationship with
red clover mottle virus.

Transmission

The BBSV isolates were easily mechanically
transmitted, and the sap transmissions were one
hundred per cent successful most of the time.

Seed transmission was established in 7 out of
50 broad bean (Iicia faba) seeds and 5 out of 46
vetch (1. sativa) seeds. The virus-infected broad
bean seeds were partly mottled (cf. Lroyp et
al. 1965).

Transmissions by aphid were tested with the
green and red forms of the pea aphid (Aeyrtho-
siphon pisum), the bean aphid (Aphis fabae) and
the green peach aphid (Mygus persicae), both
short and long feeding periods being employed.
The positive results obtained in the beginning
after short feeding periods were found later,
on the basis of the symptoms and control
tests, to be caused by accompanying PMV.
When the BBSV isolates were purified from
the PMV (cf. p. 83), none of the tests done
with pea, bean or green peach aphids gave a
positive result.

Red clover vein mosaic virus

Specimens with symptoms reminiscent of JamaLaNEN (1957), in Sweden by HAGEDORN

those caused by red clover vein mosaic virus
have been found in clover leys in Finland by

(1958), and the virus has recently been isolated,
by LmnpstEN and GERHARDSEN (1969).

White clover phyllody

A large number of specimens with symptoms
reminiscent of clover phyllody (e.g. Bos and
Grancint 1965) were found in Denmark, espe-
cially in white clover stands in Jutland. The
edges of the leaves were chlorotic, the plants
were stunted, and small leaf growths occurred
on the flower heads instead of the normal petals.
The pathogen, which according to the most
recent information is mycoplasma, could not be
transmitted from them, however, because it was
not possible during the trip to despatch culti-
vable samples to the Department of Plant
Pathology in Finland for grafting and leafhopper
transmissions.

In Finland, mainly at the field plots of the
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Fig. 26. Phyllody (virescense) symptoms on white clover
heads, probable physiological, because not transmissible
by grafting
Kuva 26, Valkoapilan viberkukkaisuutta, ilmeisesti fysio-
geeninen bdirid, koska se ei siirtynyt ymppadmalli



Department of Plant Husbandry at Viikki and in
smaller numbers at Tikkurila, white clover
specimens have beent found with phyllodes in
place of petals on the flower heads, although
their growth was not so stunted as i Denmark
(Fig. 26). When these specimens were cultivated
in the greenhouse they later developed normal
flower heads, and the pathogen could not be
transmitted to other specimens by inoculation.
Consequerntly there is reason to suspect that the
white clovers found in Finland, like similar ones

found at As in Norway, were not infected with
clover phyllody.

At the Skara experimental station in Sweden,
phyllody symptoms were found on white clover
in a white clover ley growing close to strawberry
plants with symptoms of green petal (cf. Pos-
NETTE and BLLENBERGER 1963). Dr. Ake Borg
related that he had succeeded in transmitting
the pathogen from one strawberry specimen to
another but had ot tried to transmit it to white
clover.

DISCUSSION

Legume virus diseases were found to be
prevalent in the expetimental fields of the
breeding and research centres in all the Scandina-
viart countries. They have presumably arrived
with breeding and research materials and even
with visitors from vatrious parts of the world.
On the experimental fields the viruses are
transmitted mechanically from plant to plant
in connection with breeding and cultivation
measures. The legume viruses are also trans-
mitted from contamination sources to neigh-
bouring plamnts by vector insects, especially by
pea aphids. The virus infection of clover plants
growing singly or at stand edges is abundant in
comparison with that of the main crop, because
the aphids gather in greater numbers on sparsely
growing plants and on the edges of demsely
growing stands than at their centres (cf. MULLER
1953).

Accotding to observations made during the
study, virus disease obviously does not cause
damage to ley legumes in Finland, Norway and
most of Sweden. In Denmark, red clover leys
and white clover pastures have become infected
to such an extent, especially with the easily sap-
transmissible white clover mosaic virus, that
this can be assumed to cause a reduction in the
yield. Estimates were difficult to make, owing
to the fact that the virus often occurred only
latently or with minor symptoms in the white
clover. In Jutland, especially in its northern part,
there were in summer 1966 severe clover phyl-

lody symptoms. Seed-borne virus infections were
observed in Frenich bean, broad bean and pea in
all the Scandinavian countries, being least
commot in Denmark. Annual legumes grown
in the vicinity of virus-infected perennial le-
gume cultivations were often severely infected
by aphid-borne viruses.

Bean yellow mosaic virus strains, most, i.e.
approximately 90 %, of which were of the pea
mosaic virus type, were isolated from samples
collected chiefly in Finland, Norway and Sweden
and to some extent in Denmark. The pea mosaic
virus was originally regarded as a separate
species, chiefly because it had not been found to
infect French bean (Phascolns valgaris L.). In the
present study, 18 of the 36 French bean varieties
became systemically intected by one or both of
the isolates PMV 1 and PMV 3. Four of these
varieties (Bonita, Cita, Nimbus, Svird Dan-
mark) showed top necrosis, 9 showed slight or
distinct mosaic and 5 had a latent infection
(Table 7, p. 28). Further, the PMV could be
back transmitted to pea from the inoculated
leaves of 9 of these varieties. Also, on the basis
of the host plant flora, the morphological and
physical characteristics, the serological rela-
tionship and the results of the cross-protection
tests of the present study, the bean yellow
mosaic virus and pea mosaic vitus proved (pp.
20, 37, 44) to be different strains of the same
vitus, as previously established by several re-
search workers (HAGEDORN and WALKER 1950,
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GoopcHILD 1956, SCHROEDER and PROVVIDEN-
TI 1966 and Tayror 1968). The vitus is called
bean yellow mosaic virus because this was the
name used for it in 1920 by McLarry, who is
regarded as being the first to describe it (ref.
Bos 1964), although the more thorough descrip-
tion made of this virus in 1925 (DoovrrrrLE and
JonEs) is chiefly a presentation of the pea mosaic
virus. On the basis of the results of the sero-
logical and cross-protection tests and of some
physical characteristics, bean common mosaic
virus might also be regarded as a strain of bean
yellow mosaic vitus, but it has been consistently
distinguished as a separate species on the basis
of its less numerous host flora and its vigorous
seed transmissibility.

Strains of white clover mosaic virus were
isolated from several legume samples from
Denmark and from a couple of samples gathered
at Svaldv in Sweden. Among them could be
distinguished two groups, the WCMYV isolates
and the WCMV/CYMYV isolates, which differed
from each other inl several respects. The former
caused infections in all the pea varieties tested,
causing a total or partial wilting of these, and
infected all the French bean varieties tested and
in 3—4 days after inoculation had caused severe
necrosis in the broad bean, as did the white
clover mosaic vitus strains described eatrlier.
In terms of physical characteristics, size of virus
particles (460 mp), extended longevity in sap in
vitro (3 months at +22°C and 4 months at
+4°C), thermal inactivation point (458°C—
+60°C), dilution end-point (10-7) and the
serological reactionts occurring with the German
and the Canadian WCMYV antisera, the WCMV
isolates proved to be identical with white clover
mosaic virus (cf. Bos et al. 1959, PrarT 1961).
But the WCMV/CYMYV isolates, in many of
their characteristics, bore a resemblance to clover
yellow mosaic virus (cf. Prarr 1961). Of the
37 pea varieties, 8 were resistant, and the infected
varieties became chlorotically mottled usually
without sympfoms of wilting. Of the 25 bean
varieties, only 10 became infected, and they
showed only slight symptoms, i.e. scattered
blotches of vein chlorosis. The WCMV/CYMV
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isolates caused small necrotic spots and ring
spots o1l the leaves and systemic chlorotic green
mottle, crinkling and stunting of the broad bean
not less than one week after inoculation. They
caused systemic infection in snapdragon (Anz-
birrbinum majus L.) as does clover yellow mosaic
virus (Pratr 1961), and also in Gomphrena
globosa L. and Tetragonia expansa Thunb., which
the WCMY isolates did not infect. The WCMYV/
CYMYV isolates differed from the white clover
mosaic virus, the virus particle being slightly
smaller (430 mp), having a higher thermal
inactivation point (460°C—+4-62°C), a lower
longevity in vitro (2 days at +22°C and 30 days
at +4°C) and a lower dilution end-point (10 -5).
In the serological tests, however, the WCMV/
CYMY isolates reacted as strongly as the WCMV
isolates to the white clover mosaic virus antisera
received from Canada and Germany, and all
these isolates reacted only weakly to the clover
yellow mosaic virus antisera received from the
same sources. On this basis, all the WCMYV and
WCMV/CYMV isolates studied are strains of
white clover mosaic virus that revealed only
a weak serological relationship with clover
yellow mosaic virus. There was also a distinct
cross protection between the viruses of these
groups.

The alfalfa mosaic virus strains isolated from
red clover and lucerne samples have characte-
ristics like those of the type strain originally
defiried as alfalfa mosaic virus by Prerce (1934)
and ZauMever (1938). All the pea and bean
varieties tested became infected with these AMYV
isolates. One of these isolates infected the 4
lucerne vatieties tested, but the other could not
be transmitted back from the variety Tuna Sv
although ¢.g. BECczNER and MANNINGER (1968)
reported that all the lucetne varieties tésted by
them wete susceptible to alfalfa mosaic.

The spherical viruses with particles of dia-
meter 23 my isolated from samples of broad
bean, pea, vetch and alsike clover gathered from
experimental fields in southern Sweden proved
to be broad bean stain virus. In the symptoms they
caused they resembled broad bean true mosaic
vitus (Quantz 1953b, Paur et al. 1958), but



they did not react at all to the BBTMV anti-
serum received from Brunswick, Germany.
However, these virus isolates precipitated heavily
with the BBSV antiserum received from
Rothamsted, England, and also in other res-
pects were reminiscent of the broad bean stain
virus described by Gisss and co-workers (1968).
There was also a distinct serological relationship
with the red clover mottle virus antiserum
obtained from Brunswick, Germany and Wage-
ningen, Holland, but the virus isolates tested
differed from RCMYV in respect of symptoms
caused in some of the host plants and also in
physical characteristics. Of the 31 legume species
tested, 7 did not become infected with the BBSV
isolates, these species including Glycine soya
Sieb. & Zucc., Phaseolus lunatus L. and Trifolinm
repens L. All the 43 pea varieties were susceptible.
The pea and broad bean plants showed quite
heavy chlorosis and stunting which might later
become covered up. Of the 29 varieties of
French bean, 15 did not become infected and
there were only slight symptoms on the others.
Gomphrena globosa became systemically infected,
which differs from the results of Gimes and
co-workers (1968). In the tests the BBSV iso-
lates were mot transmitted from one plant to
another by pea, bean or peach aphid.

The ether-catbon tetrachloride method was
the method best suited for the purification of
the rod-shaped legume viruses, and this was
the method chiefly used in the present study.
The heating (10 minutes at 45°C) method and
the refrigeration purificition method required
several differential centrifugations, during which
there was always a loss of virus particles. The
chloroform-butanol method was excellently suited
for the purification of alfalfa mosaic virus and
broad bean stain virus. Good BYMV prepara-
tion from bean were also obtained by this
method; but the viruses were sometimes totally
lost when PMV from pea plants was purified in
this way. The legume viruses wete mostly iso-
lated from broad bean, despite the tiresome
formation on of dark pigments as a result of
oxidation of the phenol in the sap. When viruses
were purified from pea plants, it was difficult to

eliminate the proteins of the plant sufficiently.
Good PMV, WCMV and BBSV preparations
were obtained from pea, but the BYMV and
AMYV preparations obtained were very poor, and
those obtained from french bean were bettet.

All the legume viruses studied could easily
be transmitted from one plant to another in sap
when the leaf-rubbing method was used for
inoculation. ‘The white clover mosaic virus was
more easily transmitted than the others, and
appeared in the greenhouse at one stage as a
contaminant. The tests done with it were there-
fore subsequently carried out in a separate small
compartment in the. greenhouse, special care
being taken over the washing of hands and
equipment during work there. Sap inoculation
with the alfalfa mosaic vitus did not always
produce a positive result when the inoculate
was taken from a plant that had been long
infected or that had grown at a high temperature,
for the virus concentration was then vety low.

Of the viruses studied, the bean yellow mosaic
virus, bean common mosaic vitus and alfalfa
mosaic virus were aphid-transmissible. The pea
aphid (Agyrthosiphon pisum Harxis.), which is of
general occurrence in Scandinavia, is the most
important vector of legume viruses. The peach
aphid (Myzus persicae Sulz.), which is a more
efficient vector, does not occur in nature to any
considerable extent except in the southern parts
of Scandinavia. The bean aphid (Apbis fabae
Scop.), which occurs abundantly, especially on
broad bean, proved to be a poor vector, while
the vetch aphid (Megonra viciae Buckt.) did not
transmit the viruses at all. The ability of the
pea aphid strains collected from various parts
of Finland to transmit bean yellow mosaic virus
varied between 0.5 and 25 9, in the tests con-
ducted. On average, the green pea aphids were
more efficient in transmission from pea to pea,
and the red ones from red clover to red clover.
Alsike clover proved to be the best plant for
aphid transmission, and the pea aphids were
equally good vectors on it, regardless of colour.

In the year 1956, seed production trials with
the Finnish Tammisto red clover were started
in Canada and the United States. The characte-
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ristics of the seed lots produced have been
studied in numerous field trials at Tikkurila
since 1957 (VALLE & Hirvora 1962). As virus
diseases of clover occurred concurrently in great
abundance, the suspicion arose that the viruses
had been transmitted to Finland with the seed
(Tar1o 1964) (cf. MaTsuLEVICH 1957), especially
as it was known that there was a great deal of
virus disease in the seed production ateas in
North America (Prerce 1937, Hanson and
Haceporn 1952, 1961, Osmima and KERNKAMP
1957). In the clover grown in the greenhouse
in 1963—1966 neither red clover nor alsike
clover (almost 8000 plants) revealed wvirus
symptoms at the age of 2—3 months. Most
of the seed was from the seed imports referred
to above, while some had been gathered from
virus-infected clover plants at Tikkurila. Sture-
viLLE and Hansown (1964) had obtained the same

result in tests conducted on a latge amount of
material. In later tests, however, HamproNn and
Hanson (1968) found 4—28 9, infection with
virus in Tammisto red clover lots produced for
Finland when they made control transmissions
to broad bean from symptomless plants that had
been grown from this seed. In winter 1968—
1969, tests made by this method at the Depart-
ment of Plant Pathology revealed a small amount
of seed transmission (2.3 9%, on average) from
superannuated seeds of red and alsike clover.
Consequently, there should be reservations about
the importation of clover seed, for virus infected
specimens act as source of contamination from
which viruses are transmitted by aphids to
legumes growing in the vicinity. The viruses
survive from year to year in perennial legumes,
which form a reservoir from which they are
transmitted.

SUMMARY

Research on legume viruses has been carried
out since 1962 at the Department of Plant
Pathology of the Agricultural Research Centre
at Tikkurila. Ttips were made to various parts
of Finland to make observations and collect
samples, and these wete extended to include the
other Scandinavian countries in 1966.

A great deal of virus disease occurred on
legumes in the experimental field crops grown
at research and breeding stations in all the
Scandinavian countries. No legume virus dis-
eases were found in non-experimental crops in
Norway during the short trips made there for
observations. Plants of red clover and alsike
clover infected with bean yellow mosaic virus
were found in numbers in a few leys and sporad-
ically in some others in the southern parts of
Finland and also in southern Sweden, where
alfalfa mosaic, too, was found on lucerne fields.
In Denmark, white clover mosaic occurred locally
in clover leys and pastures to such an extent
that it can be presumed to cause a reduction
in the yield. In Jutland, particularly in its
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northern parts, a great deal of white clover
phyllody symptoms occurred on white clover.
The annual legumes that had grown. in the
vicinity of perennial legumes infected with
aphid-borne viruses were found to be virus-
infected wherever observed. Seed-transmiss-
ible virus diseases, too, occurred on plants
of French bean, broad bean and pea in all the
Scandinavian countries, being least common in
Denmark.

Isolates purified from the samples of virus-
infected clover, pea, broad bean, lupin and
sweet clover plants collected in Finland and
Norway consisted exclusively of vatious strains
of the bean yellow mosaic virus included pea
mosaic virus, while the samples collected in
Sweden also chiefly yielded this virus and those
collected in Denmark did so to some extent.
The various strains were separated on the basis
of the symptoms they caused in pea. Of the
samples gathered at Tikkurila 8 9, were infected
with the isolate BYMYV, which caused a slight
green mosaic, on pea, while 26 %, with PMV 2,



which caused a heavier green mosaic (Fig. 4 b)
and 66 %, with PMV 1, which caused a yellow
mosaic (Fig. 4 a). Pea plants infected with PMV 3,
which had been isolated from alsike clover
grown at Svalév in Sweden, and pea plants
infected with PMYV 4, isolated from red clover
from Denmark, turned yellow and wilted
quickly. (Fig. 4 d.)

Of the legume species studied, 39 of 60 became
infected with BYMV and 37/64 with PMV 1,
14 being new host plants (Table 5). About one
third of the 67 pea (Pisum sativam L.) varieties
were resistant to all isolates of bean yellow
mosaic virus (Table 6). The BYMV infected
all the 40 french bean (Pbhaseolus vulgaris L.)
varieties, while the PMV isolates infected about
half of them systemically and a few others
locally (Table 7). The alsike clover plants were
more susceptible than the red clover plants. In
physical characteristics the isolates studied were
identical with previously described bean yellow
mosaic and pea mosaic viruses. For the various
isolates, the average length of particle was
754 + 14.4 my, the thermal inactivation point
was 62—64°C, the longevity in vitro was 1—2
days at +22°C and 14—30 days at -4°C, and
the variation of the dilution end-point was
10-3 to 10-5.

Viruses isolated from samples of red clover,
white clover and lucerne collected in various
parts of Denmark and white clover and lucerne
grown on the experimental field at Svaldév in
Sweden, were divided into two groups, WCMV
and WCMV/CYMV on the basis of differing
symptoms produced. Serological tests showed
that they were strains of the white clover mosaic
virus bearing a slight serological relationship to
the clover yellow mosaic virus.

The WCMYV isolates infected 29/37 legume
species and 313 species of other families (Table
39). They infected all the pea varieties tested
(which wilted partly or totally), infected and
caused distinct symptoms on all the French
bean varieties, and caused severe necrosis in
3—4 days on broad bean (in which the infection
spread systemically and later the plants often
recovered). The length of the virus particles of

the various WCMYV isolates was 459 ++ 11.1 my,
the thermal inactivation point being 58—60°C,
the longevity in vitro 3 months at +22°C and
4 months at 4+-4°C, while the infectivity was
retained in dilutions of up to 10-7.

The WCMV/CYMYV isolates infected 28/37
legume species and 7/13 species of other families
(Table 39). They infected and caused chlorotic
mottle without symptoms of wilting in 29/37 pea
varieties (Table 37), and infected and caused
slight symptoms in 10/25 freach varieties
(Table 38). About one week after inoculation
the infected broad bean plants exhibited small
necrotic spots and ringspots, and, gradually,
systemic mottle and stunting. The WCMYV/
CYMYV isolates infected snapdragon (Antirrbi-
num majns 1.) and the plants Tetragonia expansa
Thunb. and Gomphrena globosa L., which the
WCMYV isolates did not infect. The length of
the virus particles was 432 4- 9.2 my, the thermal
inactivation point 60—62°C, the longevity in
vitro 2 days at 4-22°C and 14 days at 44°C,
and the virus retained its infectivity in a dilution
of 10-5 but not at 1/5 x 10-5

The strains of white clover mosaic virus,
especially the WCMYV isolates, were very easily
transmitted in sap. They were found to be
slightly seed transmissible. They were not
transmitted by aphids during the tests.

Alfalfa mosaic virus was isolated from red
clover and lucerne from samples gathered in
Denmark and Sweden. Two Danish isolates
causing different symptoms were more closely -
examined. One of these infected red clover
easily, whilst the other hardly infected it at all.
They infected 23/34 legume species and 10/13
species of other families (Table 39). All the
varieties of pea, bean and broad bean tested
were susceptible to alfalfa mosaic. One of the
AMY isolates did not infect one of the four
lucerne vatieties. The virus patticles were
spherical or elongated, being 17 X (23—35—55)
my. Their thermal inactivation point was 60—
62°C and longevity in vitro 1,—1 day at 4-22°C
and 4—14 days at 4°C. Both the pea and the
peach aphid transmitted both AMV isolates
when the feeding periods were short.
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Broad bean stain virus was isolated from
samples of broad bean, pea, vetch and alsike
clover collected from experimental crops in
southern Sweden. Of the legumes, 24/31 became
infected, and of the non-legumes 3/13 (Table
39), these included Azriplex litoralis L., locally,
and Gowmphrena globosa systemically. All the 43
pea varieties became infected with the BBSV
isolates, which on these, as on the broad beans,
caused severe chlorosis and stunting, although
the plants later partly recovered. The seeds of
the virus-infected broad bean plants were
spotted. The BBSV isolates infected 14/29 bean
varieties (Table 49), causing slight chlorotic
spots. The particles of broad bean stain virus
were isometric, being 23 my in diameter, and a
polygonal, cleatly distinguished outline could
be observed in them.

Seed transmission was found in seeds of broad
bean and vetch. Transmission tests with pea,
bean and peach aphids did not produce any
positive results.

Of the viruses studied, bean yellow mosaic,
bean common mosaic and alfalfa mosaic proved

to be aphid-transmissible. The pea aphid (Aeyr-

Zhosiphon pisum Harris.), which is common in
Scandinavia, is the most important vector of
legume viruses, for the more efficient peach
aphid (Mygus persicae Sulz.) is not commonly
found wild except in the southern parts of

Scandinavia. The bean aphid (Aphis fabae

~

Scop.), which occurs abundantly, especially on
broad bean, proved to be a poor vector, and
the vetch aphid (Megonra viciae Buckt.) did not
transmit the viruses at all.

The seed transmissibility of the viruses in
clover seeds, although not detectable in the
form of distinct symptoms in seedlings of red
and alsike clover grown in the greenhouse, was
established in control transmissions to broad
bean plants. It varied between 0 % and 10 %,
in the various seed lots, averaging 2.3 %,. Most
of the seed was Tammisto red clover, the rest
being tetraploid Tepa red clover and Tammisto
alsike and Iso-alsike clover. These seeds had
been produced in the United States and Canada,
with the exception of a small amount which was
gathered from virus-infected clovers at Tikku-
rila. Most of the viruses were identified as bean
yellow mosaic virus, and a few as white clover
mosaic virus.

The yield reductions caused by bean yellow
mosajc virus in the greenhouse and in field
trials averaged 17 9, in red clover, 39 9, in
alsike clover and 46 9, in the pea. On average,
the BYMV reduced the bean yield by 39 9,
and the bean common mosaic virus BCMV by
27 %,. Of the strains of white clover mosaic
virus, one WCMYV isolate reduced the white
clover yield in the greenhouse by 47 9/, while
the WCMV/CYMYV isolates reduced it by an
average of 21 9.
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SELOSTUS

Suomessa ja Skandinavian maissa tavatut palkokasvien vitustaudit

Erva TAario

Maatalouden tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila

Palkokasviviruksia on tutkittu Tikkurilassa Maatalou-
den tutkimuskeskuksen Kasvitautien tutkimuslaitoksella
vuodesta 1962 alkaen. Havaintojenteko- ja niytteiden-
keruumatkat ulotettiin eri puolille Suomea ja v. 1966
myds Skandinavian maihin.

Kaikissa Pohjoismaissa esiintyi palkokasveissa tutki-
mus- ja jalostuslaitosten koekentilld runsaasti virustau-
teja. Notjassa ei varsinaisilla viljelyksilli tavattu Iyhyiden
havaintomatkojen yhteydessi lainkaan palkokasviviroo-
scja. Suomessa esiintyi maan eteldosissa muutamissa apila-
nurmikoissa lukuisia ja eriissi hajallisia pavun kelta-
mosaiikkiviruksen saastuttamia puna- ja alsikeapiloita,
samaten Eteli-Ruotsissa, jossa sinimailasviljelyksilld
havaittiin my6s sinimailasen mosaiikkia. Tanskassa esiin-
tyi valkoapilan mosaiikkia apilanurmissa ja -laitumilla
paikoin siind mdirin, ettd sen voidaan olettaa alentavan
satoa. Lisiksi oli Jyllannissa, erityisesti sen pohjoisosissa
valkoapilassa runsaasti vihetkukkaisuutta (white clover
DPhyllody). Kirvalevintiisten virusten saastuttamien moni-
vuotisten palkokasvien liheisyydessi kasvaneet yksivuo-
tiset palkokasvit olivat kaikissa havaintopaikoissa viroot-
tisia, Lisdksi esiintyi pavuissa, peltopavuissa ja herneissi
siemenlevintdisid virustauteja kaikissa Skandinavian
maissa.

Suomessa ja Notjassa keridtyistd niytteisti eristettiin
viroottisista apiloista, herneistd, peltopavuista, lupiineista
ja mesikdistd yksinomaan, Ruotsissa pidasiassa ja Tans-
kassa jonkin verran eri tyyppisii pavun keltamosaiikki-
virusrotuja (bean yellow mosaic virus), joihin my&s herneen
mosaiikkivirus (pea mosaic virus) luetaan kuuluvaksi. Eri
rodut erotettiin toisistaan niiden herneissi aiheuttamien
symptomien perusteella. Isolaatti BYMV, jota oli 8 9,:ssa
Tikkurilassa kerdtyistd niytteistd, aihentti herneessi lievdd
vihermosaiikkia, PMV 2 (26 %:ssa) voimakkaampaa
vihermosaiikkia (kuva 4 b) ja PMV 1 (66 %:ssa) kelta-
mosaiikkia (kuva 4 c). Ruotsissa Svaldvissd kasvaneesta
alsikeapilasta eristetylli isolaatilla PMV 3 ja Tanskassa
puna-apilasta eristetylli PMV 4:li infektoidut herneet
kellastuivat ja kuihtuivat nopeasti (kuva 4 c).
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Tutkituista 60 palkokasvilajista infektoitui 39 BY MV:1l4
ja 37/64 PMV 1:ll4, niisti 14 uutta isintikasvia (taul. 5).
Hernelajikkeista (Pisum sativum 1.) (67 kpl) oli noin kol-
masosa kestdvid kaikkia pavun keltamosaiikkivirusiso-
laatteja vastaan (taul. 6). BYMYV infektoi kaikkia kokeil-
tuja 40 papulajiketta (Phaseolus vulgaris L.), joista noin
puolet infektoitui PMV-isolaateilla systeemisesti ja lisiksi
muutamat paikallisesti (taul. 7). Alsikeapilat olivat puna-
apiloita alttiimpia. Fysikaalisilta ominaisuuksiltaan olivat
tutkittavana olleet isolaatit yhdenmukaisia aikaisemmin
kuvattujen pavun keltamosaiikki- ja herneen mosaiikki-
virusten kanssa. Virushiukkasten pituus oli eri isolaa-
teilla keskimidrin 754 4 14.4 myu, limménsietoraja 62°—
64°C, siilyvyys in vitro +22°Cissa 1—2 vrk ja +4°Cissa
14—30 vrk ja laimennusraja vaihteli 10-3—10~5,

Papukasvustoissa esiintyi kaikissa Pohjoismaissa pavun
mosaiikkivituksen (bean common mosaic virus) saastuttamia
yksiloiti (1—40 %). BCMV muistuttaa monilta ominai-
suuksiltaan pavun keltamosaiikkivirusta (BYMYV), mutta
erotetaan siitd omaksi lajiksi lihinni pienemmin isintd-
kasvilajiston ja voimakkaan siemenlevintiisyyden perus-
teella.

Eri puolilla Tanskaa kerityisti puna-apila-, valkoapila-
ja sinimailasniytteisti sekd Ruotsissa Svalovissi koeken-
tilld kasvaneesta valkoapilasta ja sinimailasesta eristettiin
viruksia, joista erotettiin erdiden toisistaan poikkeavien
ominaisuuksien perusteella kaksi ryhmii, WCMV- ja
WCMV/CYMYV -isolaatit. Ne kaikki osoittautuivat sero-
logisten kokeiden perusteella valkoapilan mosaiikkiviruk-
seksi (white clover mosaic virus), joilla ilmeni heikkoa sero-
logista sukulaisuutta apilan keltamosaiikkiviruksen (cover
yellow mosaic virus) kanssa. ’

WCMYV-isolaatit infektoivat 29/37 palkokasvilajista ja
7/13 muihin heimoihin kuuluvista kasveista (Taul. 39).
Ne saastuttivat kaikkia kokeiltuja hernelajikkeita, jotka
kuihtuivat osittain tai kokonaan, kaikkia papulajikkeita
selvin symptomein, ja aiheuttivat 3—4 vrk:ssa voimakasta
nekroosia peltopavussa, jossa infektio levisi systeemisesti
ja saattoi myShemmin osittain peittyd. Virushiukkasten



pituus oli eti WCMV-isolaateilla keskimiirin 459 -
11.1 myu, limménsietoraja 58°—60°C, siilyvyys in vitro
+4-22°Cissa 3 kk ja +4-4°C:ssa 4 kk, ja infektiokyky sdilyi
vield laimennoksessa 10-7.

WCMV/CYMV-isolaatit infektoivat 28/37 palkokasvi-
lajista ja 7/13 muihin heimoihin kuuluvista kasveista
(Taul. 39).29/37 hetnelajikkeesta infektoitui tullen kloroot-
tisen kirjavaksi ilman kuihtumisoireita (Taul. 37), ja 10/25
papulajikkeesta heikoin symptomein (Taul. 38). Infektoi-
tuihin peltopapuihin ilmaantui noin viikon kuluttua ino-
kuloinnista pienid nekroottisia laikkuja ja rengaslaikkuja
sekd vihitellen systeemistd kirjavuutta ja kitukasvuisuutta.
WCMV/CYMV-isolaatit infektoivat leijonankitaa (Anzh-
irrhinum majus L.) sekd Tetragonia expansa Thunb. ja
Gomphrena globosa L. -kasveja, joita WCMV-isolaatit eivit
infektoineet. Virushiukkaset olivat keskimidrin 432 4+
9.2 mu pitkid, limmonsietoraja 60°—62°C, siilyvyys in
vitro +22°Cissa 2 vtk ja +4°Cissa 14 vrk, ja virukset
sdilyttivit infektiokykynsd laimennettuna 10-%, mutta
eivit endd 1f; x 10-5,

Valkoapilan mosaiikkivirus, varsinkin WCMV-isolaa-
tit, levidvit erittdin herkdsti mehussa. Niilli todettiin
vihiistd siemenlevintdisyyttd. Ne eivit siirtyneet kokeissa
kirvojen vilityksells.

Sinimailasen mosaiikkivirus (alfalfa mosaic virus) eris-
tettiin sekd Tanskassa ettd Ruotsissa kerityisti puna-
apila- ja sinimailasniytteisti. Lihemmin tutkittiin kahta
tanskalaista isolaattia, jotka erosivat toisistaan jonkin ver-
ran aiheuttamiensa symptomien perusteella. Toinen niistd
infektol puna-apilaa herkisti, toinen tuskin lainkaan. Ne
infektoivat 23 palkokasvilajia 34:std ja 10/13 muihin kasvi-
heimoihin kuuluvista kasveista (Taul. 39). Kaikki kokeil-
lut herne-, papu- ja peltopapulajikkeet olivat alttiita sini-
mailasen mosaiikille. Sinimailasista ei yksi neljistd lajik-
keesta infektoitunut toisella AMV-isolaatilla. Virushiuk-
kaset olivat pydreiti ja pitkulaisia 17 X (23—35—55) mp.
Limmonsietoraja  oli 60°—62°C, siilyvyys in  vitro
+-22%ssa Y—1 vrk ja +4°C:ssa 4—14 vrk, Hernekirva
ja persikkakirva siirrostivat molempia AMV-isolaatteja
lyhyitd syontiaikoja kiytettiessi.

Eteld-Ruotsissa  koekentiltd keridtyistd peltopapu-,
herne-, virna- ja alsikeapilaniytteisti eristettiin peltopavun
siemenlaikkuvirus (broad bean stain virus). Palkokasveista
infektoitui 24/31 ja ei-palkokasveista 3/13 (Taul. 39), mm.
Atriplex litoralis L. paikallisesti ja Gomphrena globosa

systeemisesti. Kaikki 43 hernelajiketta infektoituivat
BBSV-isolaateilla, jotka aiheuttivat niissi samoin kuin
peltopavussa voimakasta kloroosia ja kitukasvuisuutta
symptomien peittyessi myShemmin osittain, Viroottis-
ten peltopapujen siemenet olivat laikukkaita. BBSV-iso-
laatit infektoivat 14/29 papulajikkeesta aiheuttaen heik-
koja kloroottisia laikkuja. Virushiukkaset olivat iso-
metrisid, lipimitaltaan 23 mu. (Kuva 25) ja niissi oli
havaittavissa polygonaalinen, selvisti erottuva iriviiva.

Peltopavun ja virnan siemenissi todettiin BBSV:n sie-
menlevintdisyyttd. Herne-, juurikas- ja persikkakirvoilla
suoritetut siirrostuskokeet eivdt johtaneet positiiviseen
tulokseen.

Tutkittavana olleista viruksista olivat pavun kelta-
mosaiikki-, pavun mosaiikki- ja sinimailasen mosaiikki-
virukset kirvalevintiisid. Pohjoismaissa yleiseni esiintyvi
hernekirva (Acyrzhosiphon pisum Harris.) on tirkein palko-
kasvivirusvektori, koska siti tehokkaampaa persikka-
kirvaa (Myzus persicae Sulz.) esiintyy runsaammin vapaana
luonnossa vain Skandinavian eteldosissa. Varsinkin pelto-
pavussa runsaana esiintyvd juurikaskirva (Aphis fabae
Scop.) osoittautui heikoksi vektoriksi, ja virnakirva
(Megonra viciae Buckt.) ei siirtinyt viruksia lainkaan.

Virusten siemenlevintiisyys apilan siemenissd, miki ei
ilmennyt selvind virussymptomeina kasvihuoneessa kasva-
tetuissa puna- ja alsikeapilan siementaimissa, todettiin
peltopapuun suoritetuissa tarkistussiirrostuksissa. Se vaih-
teli eri siemenerissd 0—10 % ja oli keskimiirin 2.3 %,
Suurin osa oli Tammiston puna-apilaa ja loput tetraploi-
dista Tepa-puna-apilaa seki Tammiston alsikeapilaa ja
Iso-alsiketta, joiden siemenet oli tuotettu Yhdysvalloista
ja Kanadasta ja pieni osa keritty viroottisista apiloista
Tikkurilassa. Padosa viruksista tunnistettiin pavun kelta-
mosaiikkiviruksiksi ja muutamat valkoapilan mosaiikki-
viruksiksi. Lisdksi todettiin erdissi yksivuotisissa apila-
nurmissa, joissa oli kiytetty tuontisiementd, runsaasti
viroottisia yksilSiti. )

Pavun  keltamosaiikkivirus-isolaattien  aiheuttamat
sadonalennukset olivat kasvihuone- ja kenttikokeissa
puna-apilalla keskimiirin 17 %, alsikeapilalla 39 % ja
herneelld 46 %. BYMV alensi papusatoa keskimiirin
39 % ja pavun mosaiikkivirus BCMV 27 %, Valkoapilan
mosaiikkiviruksista alensi yksi WCMV-isolaatti valko-
apilasatoa kasvihuonekokeessa 47 %, ja WCMV/CYMV
-isolaatit keskimidrin 21 9.

Printed April 22, 1970.
MS. teceived June 25, 1969.
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