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STUDIES ON THE SOYBEAN DWARF DISEASE

by
Tetsuo TamADA

Summary

I. Occurrence, geographical distribution, and symptoms
of soybean dwarf disease

Soybean dwarf disease was first found on the Tsurunoko variety of soybeans (Glycing
max (L) Merr.) in the southern areas of Hokkaido in about 1952. Since then, it has gradually
increased throughout Hokkaido. Recently, it has been found that the disease occurs on many
soybean varieties, although there are some varietal differences in the incidence of the disease.
In 1970 and 1971, the disease was more widely distributed throughout Hokkaido than in and
before 1969. In 1971, the disease was also found in the Shimokita peninsula of Aomori pre-
fecture, and thereafter its distribution was increased from year to year.

This disease is one of the most important diseases of soybeans in Hokkaido, because it
causes a serious loss in soybean yield. An annual survey since 1969 has indicated that the
incidence of the disease varies from year to year and from one district to another. In 1971
and 1972, most soybean crops in Hokkaido showed a high percentage of infection and a severe
loss in soybean production. The percentage of infected plants was closely correlated with the
degree in yield reduction. The disease mainly affected the number of pods on soybean plants,
For example, when 50 per cent of plants became infected in the field, the disease caused the
reduction by about 40 per cent in soybean yield.

The symptoms of the disease varied with the strain of the virus, the variety of soybeans,
the stage of plants, and environmental condition. The symptoms in soybean plants in the field
were roughly divided into three types; dwarf, rugose and yellows types. In the dwarf type,
Tsurunoko variety usually showed a very characteristic symptom. The first symptom was a
faint yellowing on the youngest leaflets. As the leaflets matured, they were reduced in size
and curled downward., The whole plant was dwarfed (stunted) with shortened petioles and
internodes. The leaves became dark green, thicken, and brittle. In the rugose type, the symp-
tom appeared on many soybean varieties, and Koganejiro variety showed a definite symptom.
The leaflets of infected plants were reduced in size and became rugose or wrinkled, and the
petioles and internodes were more elongated than in the dwarf type. The leaflets became
dark green and brittle. In later stage of the disease, the older leaves showed interveinal
vellowing. In the yellows type, the symptom was a yellowing of the lower leaves, which
became more severe as they matured. The older leaves became thickened and brittle. In
the field, the symptoms were generally recognized as a mixture of these types. Diseased plants
tended to mature later than healthy ones. Mottling of seeds was not produced on soybean
plants infected with soybean dwarf disease,
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II. Transmission and host range of soybean dwarf virus

It was found that the causal agent of the disease was not transmitted by manual inocu-
lation of sap or through seeds, but by grafting and by the foxglove aphid, Aulacorthum solani
(Kaltenbach), in a persistent manner. Aphid inoculation tests revealed that five other species
of aphids, Aphis glycines Matumura, Aphis craccivora Koch, Myzus persicae (Sulzer), Acyr-
thosiphon pisum (Harris), and Acyrthosiphon kondoi Shinji et Kondo failed to transmit the disease.

Of 39 species of plants belonging to 10 families, which were inoculated with viruliferous
A. solani, 12 leguminous species were found to be infected with the disease (causing the dwarf
type symptom). Milk-vetch (Astragalus sinicus L.), crimson clover (Trifolium incarnatum L.),
subterranean clover (7. subterrancum L.), and suckling clover (7. dubium Sibth.) plants showed
slight stunting and faint chlorosis and yellowing or reddening of the older leaves. In other
many infected plant species, no symptoms or only very mild symptoms were observed.

It was concluded from the results of transmission and host range that the causal agent
of the disease was a circulative aphid-borne virus. This virus was considered to be distinct
from any other soybean virus hitherto described; it was named soybean dwarf virus (SDV).
SDV belongs to the potato leaf-roll virus group and its cryptogram is */,: %', :S S:S Ap.
SDV somewhat resembles other circulative aphid-borne viruses of legumes, such as bean leaf
roll virus (synonymous with pea leaf roll virus and pea top (tip) yellowing virus) in Europe
and New Zealand, subterranecan clover stunt virus in Australia, milk-vetch dwarf virus in

Japan (Honshu), and subterranean clover red leaf virus in New Zealand.

ITI. Strains of soybean dwarf virus

Soybean plants infected with SDV in the field showed various symptoms of different types
and severity. Isolates of SDV obtained from naturally infected soybean plants were divided
into two groups on the basis of their symptoms in test plants (soybean variety, Shirotsurunoko).
One group was designated as a dwarfing strain, which caused a dwarfing of plants with
shortened petioles and internodes. Another group was designated as a yellowing strain, which
caused a slight chlorosis of leaflets and an interveinal yellowing of older leaves. In the field,
the symptoms in soybean plants caused by the dwarfing strain could not always easily be
distinguished from those caused by the yellowing strain. There was a difference in symptom
intensity among isolates of each virus strain. Three isolates, SDV-DS (caused severe symptom)
and SDV-DM (mild symptom) belonging to the dwarfing strain, and SDV-Y belonging to
the yellowing strain, were selected as virus sources for further tests.

In the field, soybean, pea (Pisum sativiem L.), and white (Ladino) clover (Trifolium repens
L.) plants were found to be infected with both strains, whereas bean (Phaseolus vulgaris L.)
plants were infected only with the the yellowing strain and red clover (Trifolium pratense
L.) only with the dwarfing strain. White (Ladino) clover and red clover plants showed no
symptoms. It was found that a yellows disease of beans (varieties: Kintoki, Otebo, Uzura,
and Toramame) in Hokkaido was caused by the yellowing strain of SDV.

Seedlings of 28 species of leguminous plants were tested for susceptibility to SDV-DS
and SDV-Y. The result showed that 13 species became infected with SDV-DS and 16 species
with SDV-Y. In general, the symptoms caused by SDV-Y were more severe than those
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caused by SDV-DS on many infected plants. Infected plants with SDV-Y, such as milk-vetch,
bean, Trifolium alexandrinem L., alsike clover (T. hybridum L.), crimson clover, subterranean
clover, broad bean (Vicia faba L.), and common vetch (V. sativa L.), showed stunting, chlo-
rosis, and interveinal yellowing or marginal reddening of older leaves, By contrast, plants
infected with SDV-DS usually exhibited no symptoms or very mild symptoms.

When soybean plants were inoculated simultaneously with SDV-Y and SDV-DS or SDV-
DM, the infected plants usually developed the symptoms more severe than those caused by
either virus isolate alone, The symptoms in doubly infected plants were a marked rugosity
of leaflets and a severely stunting of plants. Plants infected doubly with SDV-DS and SDV-
DM showed the intermediate symptom between both isolates. Mixtures of these isolates could
be separated by single aphid transfers to soybean plants,

Soybean plants infected already with SDV-Y were not protected against infection with
SDV-DS or SDV-DM, although the symptom development of SDV-DS or SDV-DM was delay-
ed. Similarly, SDV-DS or SDV-DM also gave no protection against SDV-Y. However, SDV-
DS and SDV-DM could protect against each other in soybean plants.

IV. Movement and distribution of soybean dwarf
virus in soybean plants

The susceptibility of soybean plants to SDV decreased more or less as the age of plants
increased, when leaves in same position on plants of different ages were inoculated by the
aphids. The upper leaves were also more slightly susceptible to virus infection than the lower
leaves on plants of the same age. The incubation periods of SDV-DS and SDV-Y in soybean
plants ranged from 6 to 13 days and from 12 to 20 days, respectively, depending on the stage
of plants at inoculation time and on the dose of virus inoculated by feeding of aphids.

The time for movement of the two isolates of SDV (SDV-DS and SDV-Y) from inocu-
lated leaves under 20 C condition was determined by aphid inoculation and recovery tests. The
viruliferous aphids were allowed to feed for 6 hr on the primary leaves of soybean plants by
using a leaf cage. The inoculated leaves were then detached at the petioles between 6 hr and
96 hr after the start of inoculation feed. The distance between the points of inoculation and
detachment was about 3cm. This result indicated that the virus moved slightly from the
inoculated leaf to the stem between 12 hr and 24 hr, and mostly did between 24 hr and 48 hr.
There was no difference in the rate of movement of virus between the two virus isolates,
The virus was recovered by the aphids from inoculated leaves of plants between 48 hr and 72
hr after inoculation, whereas it was recovered from uninoculated leaves (developed leaves)
between 72 hr and 96 hr, although symptoms were not yet expressed.

The aphids could acquire the virus more readily when feeding on young infected plants
than when feeding on older plants, and also the upper leaves of plants were better sources
of virus for the aphids than the middle or lower ones of the same plant. The virus was
not recovered from the leaves which had already matured at inoculation time, indicating that
it is difficult for virus to move to the matured leaves except to the inoculated leaves.

V. Purification and properties of soybean dwarf virus
Infectivity of virus was assayed by injection and membrane feeding methods. When he-
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molymph from aphids fed on infected plants was used as a source for injection, the virus
* was detected in hemolymph of aphids given a 1-day acquisition feeding. When extracts from
infected soybean plants or viruliferous aphids were used as inccula for injection and membrane
feeding, infectivity was very low in the former, but was not recognized in the latter. When
the preparations from infected plants were concentrated by cycles of differential centrifugation,
infectivity in both methods was proportional to virus concentration. The transmission rate
in the injection method was almost the same as that in the membrane feeding.

Preparations clarified with a mixture of chloroform and a-butanol were infectious, indi-
cating that the virus was tolerant to chloroform and a-butanol. Infectivity of virus was not
affected by freezing of infected tissues.

It was found that the phosphate buffer containing EDTA for macerating and suspending
media during the purification procedure was more useful than the same buffer containing urea
and/or 2-mercaptoethanol,

Preparations suspended with 0.01 M phosphate buffer (pH 7.4), 0.01 M borate buffer (pH
8.0), and 0.1 M acetate buffer (pH 7.0) were more stable than those suspended with 0.1 M
citrate buffer (pH 7.6) and 0.1 M Tris-HCIl buffer (pH 8.0). The virus in 0.01 M phosphate
buffer containing 0.001 M EDTA was stable between pH 6.0 and pH 9.0.

The purification procedure is as follows: Fresh tissues of soybean plants were ground
in 0.5 M phosphate buffer containing 0.01 M EDTA (pH 7.4). The homogenate was emulsified
with one-half volume of a chloroform and n-butanol mixture (1:1), and broken by low-speed
centrifugation. Polyethylene glycol (z6000) was added to the resultant aqueous phase at a
concentration of 8 % (w’v). Precipitates obtained after centrifugation were suspended in
0.01 M phosphate buffer containing 0.001 M EDTA (pH 7.4), and again clarified by adding
fluorocarbon solvent (Daifron S-3). The resultant preparation was concentrated by two cycles
of differential centrifugation, followed by sucrose density-gradient centrifugation. For an
analytical density-gradient centrifugation, the centrifuged column was scanned with an ISCO
density-gradient fractionator. In the gradient column, a visible zone was observed at 25-27
mm from the meniscus. This zone was associated with infectivity and contained many uni-
form virus particles. There were no differences in sedimentation rate between SDV-DS and
SDV-Y when scanning patterns of centrifuged columns were compared. The yields of purified
virus for SDV-DS and SDV-Y were 103-590 g (avg. 369 pg) and 84-228 ng (avg. 166 ug),
respectively, per 1,000 g of source tissue, assuming an A 260 of 5.0 for a concentration of 1 mg/
ml.

Ultraviolet absorption spectra of the two isolates of SDV showed a specific pattern for
nucleoprotein, having a maximum at 260 nm and a minimum at 240 nm. The A 260/280 for
SDV-DS was about 1,96 and that for SDV-Y was about 1.90. The A 260/240 for SDV-DS
was about 1.59 and that for SDV-Y was about 1.76.

The purified virus preparations staining with 2 % PTA (pH 7.0) contained spherical, prob-
ably polyhedral particles about 25 nm in diameter. The particles sometimes presented hex-
agonal outlines and had a fine surface structure. Empty shell particles as seen in some other
spherical plant viruses were not observed. No morphological differences were found between
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particles of SDV-DS and SDV-Y.

The properties of the virus on partially purified preparations were tested by injection and
membrane feeding methods. The thermal inactivation point of bhoth isolates was between 45 °C
and 50°C for 10 min. Purified preparations in 0.01 M phosphate buffer (pH 7.4) containing
20 % sucrose remained infective at 15°C for at least 20 days, and at 4°C for at least 4
months. Infectivity of virus was not affected by repeating of freezing (—20°C) and thawing
at 3 times,

VI. Serological reaction of soybean dwarf virus

Antisera against SDV-DS and SDV-Y were obtained from rabbits injecting intramuscularly
and intravenously with each purified virus preparation. In ring precipitin tests, antisera against
SDV-DS and SDV-Y showed titers of 1:2048 and 1:4096, respectively, to each homologous or
heterologous virus antigen. Reaction was observed up to an antigen concentration of 5 ug/mi
(A 260=0.025), when the diluted antigens were layered onto the antisera. In micro agar gel-
diffusion tests, a single precipitin line was produced between the antiserum and the purified
virus antigen, and the dilution end points of SDV-DS and SDV-Y antisera were 1:128 and
1:1024, respectively. The minimum concentration of virus antigens reacted with antisera in
gel-diffusion tests was about 20 ug/m/ (A 260=0.10) for either isolate. The most clear reaction
with gel-diffusion tests occurred with an antiserum dilution of 1:16 to 1:64 and an antigen
concentration of more than 80 ug/mil. No serological differences were detected hbetween SDV-
DS and SDV-Y in ring pricipitin and gel-diffusion tests,

The two isolates of SDV were also compared by using the antisera in a type of the infec-
tivity neutralization tests, Each of these antesera was mixed with concentrated or purified
virus preparations, incubated for 24-48 hr at cold room (4 °C), combined with an equal volume
of 40 % sucrose in buffer, and allowed aphids to feed through membranes. Each antiserum
completely neutralized all infectivity of these two isolates of SDV. Physiological saline or
normal serum did not affect infectivity of virus. This result also showed that SDV-DS and
SDV-Y isolates were related,

VII. Ultrathin sections of plants infected with
soybean dwarf virus

Soybean leaves and stems infected with SDV were examined with the electron microscope.
The virus-like particles 23-25 nm in diameter were localized in some cells of phloem tissues.
These particles were found in the cytoplasm or vacuoles in the phloem companion cells, phioem
parenchyma cells and xylem vessel, but not in the epidermis and mesophyll cells, In general,
the various degrees of degeneration -and necrosis were seen in the phloem cells of leaves,
petioles, and stems. SDV-DS appeared to cause more severe degeneration of phloem tissues
than SDV-Y. An accumulation of starch occurred in chloroplasts of epidermis and mesophyll
cells. The mode of occurrence and distribution of these virus-like particles in plant cells
resembles that found in potato leaf-roll virus and barley yellow dwarf virus,

VIII. Transmission of soybean dwarf virus by
Aulacorthum solani
Clones of A. solani were collected from different localities of Hokkaido, Aomori, and Iwate
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prefectures, and were tested their ability to transmit SDV-DS and SDV-Y. There were no
definite differences among clones of A. solani in their ability of virus transmission, although
the transmission rate of aphid clones varied somewhat.

Single viruliferous aphids were able to transmit the virus to 35 % of the test plants, and
the percentage of infection increased with the number of aphids used. The shortest period
for acquisition feeding of the virus by A. solani from infected plants was between 30 min and
60 min, and the shortest period for inoculation feeding by aphids reared on source plants was
between 10 min and 30 min. The longer the periods of acquisition and inoculation access, the
higher was the transmission rate.

The minimum latent period in the aphid vector was between 15 hr and 27 hr, depending
on the length of acquisition access periods. When the acquisition access period was prolonged,
the latent period was shortened.

In serial transmission tests, the aphids retained their infectivity through molting and for
periods of up to 40 days, but most of them lost infectivity in the later transfers. Transmis-
sion usually occurred intermittently at short or long irregular intervals. Individual aphids
varied considerably in the ability of virus transmission. None of nymphs of A. solani pro-
duced from viruliferous adults were infective.

First instar nymphs (1day old) and adults (10days old) of aphids were fed on infected
leaves for the different periods of 3-96 hr and 24-96 hr, respectively,and then were transferred
at daily to healthy test plants for 10days. As a result, the rate of inoculative aphids (aphids
transmitted the virus to at least one plant in serial tramsmission) increased, as increasing
acquisition access period from 3 hr to 24 hr in the case of nymphs and from 24 hr to 96 hr in
the case of adults. Increase in virus transmission by inoculative aphids did not always occur
with acquisition access of more than 24 hr at the nymphal stage of aphids. The nymphs were
more efficient than the adults in virus acquisition and transmission. With a constant acqui-
sition access period, the latent period in the vector was prolonged with increasing the age of
aphids. Thus transmission efficiency of aphids was dependent on the length of the acquisition
access period and the age of aphids.

Efficiency of transmission gradually declined during serial transmission experiments in
which the aphids were transferred at daily to healthy test plants. In general, this decline
in inoculativity occurred before the final molt when the aphids became adult.

The aphids were given an acquisition access period of 24 hr and then were transferred
at daily to healthy test plants. At the time of the 10th transfer, they were given a second
acquisition access period of 24 hr, after which they again were transferred in the same manner
until death. As a result, transmission efficiency of aphids could be increased by such addi-
tional acqusition access (recharging).

When viruliferous aphids at different ages reared om tnfected leaves were given different
inoculation access periods, the rate of transmtssion tended to decline somewhat as the age of
aphids increased, but inoculativity of aphids at each age was high, as compared with that of
aphids in which serial transfers were continued.

From these results, it is suggested that the decline in the transmission rate during serial
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transmission tests may be due to an increase in the age of the aphids and to a decrease in
the amount of virus within the aphid body. There is no evidence that SDV multiplies within
the body of A. solani.

IX. Spread of soybean dwarf disease in the field

Relation between the incidence of soybean dwarf disease and the number of aphids (A.
solani) infesting in the field was investigated at Naganuma in the central parts of Hokkaido
for 4 years from 1970 to 1973. The alatae of A.solani were first caught in April. In soybean
field, a few alate and apterous aphids were commonly found on the seedlings in mid-June,
soon after soybeans were emerged. Thereafter the population of aphids on soybean crops
increased, reached a maximum during late-June and mid-July, and declined until late-July,
This tendency varied somewhat from year to year. The migration and population of aphids
were dependent on the weather conditions, especially an amount and frequency of rainfall
during spring, and this dependence was very clearly reflected in the incidence of the disease.
Usually, infected plants were first found in late-June and early-July, and then the rate of
infection increased rapidly or gradually during July. Thus the incidence of the disease was
closely related to the migration and population of aphids.

The rate of infection decreased as the date of sowing of soybeans was delayed, indicating
that later germinated plants tend to escape the infection with the virus. It is considered from
these field obsevations that the spread of disease mostly occurred during mid-June and late-
June, and that the rate of virus spread was closely related to the number of alate aphids
migrated in the field rather than to the number of apterous aphids counted on the soybean
plants,

When alatae of A. solani were collected from various crops and weeds during June, and
single aphids from such collections were allowed to feed on test plants in the greenhouse,
20-40 per cent of aphids were found to be infective,

An attempt also was made to recover the virus from perenial leguminous plants collected
from different localities. It was found that white (Ladino) clover and red clover plants grown
widely were infected with the virus without showing symptoms. Forty-nine out of 106 red
clover samples collected were infected with all the dwarfing strain, whereas 5 and 49 out of
180 white clover samples were infected with the dwarfing strain and the yellowing strain,
respectively. None of clover plants collected from unaffected areas of Aomori prefecture were
infected with the virus, Thus, the distribution and incidence of the disease in different dis-
tricts were closely related to the prevalence of infective clover plants in each region. On the
other hand, A. solani was found on clover plants during a period of growth and overwintered
as eggs on these clover plants. These results suggest that the clover plants showing no symp-
toms may be the most important overwintering sources of the virus and aphids, and may
act as the principal sources of inoculum for spread into soybean field.

There were differences in the pattern of distribution of infected plants within a field in
different districts: (1) infected plants were scattered at random throughout the field, (2) they
appeared along margins of the field, and (3) they developed in circular spots or in paches
within the field. These differences in distribution appeared be related to the migration and
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population of aphids and the prevalence of source plants in each district. The distribution
of infected plants within a field may also be influenced by many factors, such as size of field,
environmental condition and topography.

X. Reaction of soybean varieties to soybean dwarf virus

There was a considerable difference among soybean varieties in the percentage of infection
with SDV in the field, although none of the varieties tested were immune to the virus. In
1971, infection ranged from 45 to 96 per cent, and in 1972 from 17 to 55 per cent, depending
on the soybean variety (12varieties). This difference among varieties was related to their
susceptibility to virus infection, but not always to their suitability for infestation of aphids.

In general, the varieties showing a higher percentage of infection developed more severe
symptoms. Such varietal differences in severity of symptoms were also closely correlated
with those in loss of soybean yield.

Fifty-three soybean varieties selected under field condition were tesed by aphid inoculation
at seedling stage in the greenhouse. These varicties tested were divided into 6 different reac-
tion groups on the basis of the degree in symptom intensity to SDV-DS, SDV-Y, and a com-
plex of these isolates. The symptoms usually were more severe in the highly susceptible
varieties than in the less susceptible varieties. Reaction of the varieties to the virus under
the greenhouse almost corresponded to their response in the field.

From these field and greenhouse tests, soybean varieties, Shirotsuruncko and Koganejiro
were highly susceptible, showing very severe symptoms and a high percentage of infection.
By contrast, Ohoju and Genpokin were less susceptible, showing much less severe symptoms
and a low percentage of infection. Oshimashirome, Kitamishiro, Toyosuzu, Kitamusume,
Tokachinagaha, and Chuseihikariguro were moderately susceptible.

The effects of two isolates of SDV on symptoms, growth and yield of five soybean varieties
were determined by aphid inoculation at three differnt stages of plants in the aphid-free field.
SDV-DS caused a various degree of dwarfing in all varieties, but the symptoms in less sus-
ceptible varieties tended to recover in the case of early inoculation. SDV-Y showed rugosity
of leaves, stunting of plants, and yellowing of older leaves, varying with the soybean variety
and the stage of plants. Plants inoculated simultaneously with both isolates were more severe
symptoms than those inoculated with each virus isolate alone. Symptoms in plants infected
by late inoculation were not definite. Symptoms and growth retardation were closely related
to the stage of plants at inoculation. The loss in soybean yield also depended on virus isolate,
the stage of plants, and soybean variety. For example, on an average for 5 varieties, SDV-DS
reduced in yield by 30, 31, and 76 per cent, whereas SDV-Y reduced in yield by 3, 13, and
81 per cent, in the cases of the early, middle, and late inoculation, respectively. Thus, yield
of soybeans decreased as the age of the plants increased. However, when plants were infected
after the time of flowering, the disease could have little effect on yield. Loss in yield may be
related with differences in varietal susceptibility; yields of Shirotsurunoko and Koganejiro
were reduced more than those of Ohoju and Genpokin.

XI. Control of soybean dwarf discase by granular
systemic insecticides
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When several granulated organic phosphorus insecticides such as Ethylthiometon (Disyston,
Ekatin TD) and IPSP (PSP-204) were applied to the soil at sowing time, the number of
aphids infesting soybean crops greatly decreased during at least 4 weeks after emergence,
and consequently the spread of the disease were prevented or decreased considerably. In 1971,
infections in treated and nontreated plots were 43 and 78 per cent on an average, respectively.
In 1972, infections in treated and nontreated plots were 9 and 39 per cent on an average, re-
spectively. .

Multiple application of PSP-204 (8 kg per 10 ares) to the soil and Benzoepin emulsion (Malix)
spray on the foliage at 3 times was as effective as compared with the single application to the
soil. This is probably because most of virus spread have already been effected by alate aphids
migrated during June.

As the dose of the insecticide (Disyston) was increased from 2kg to 8 kg per 10ares, the
aphids and the disease were more effectively controlled, and the better effects for the disease
control were obtained by the application of more than 6 kg per 10 ares.

The effects of insecticide on the behaviour of A. solani and its transmission of virus were
tested. The aphids were able to feed detached leaves of soybean plants for at least 1-2 hr,
even though the insecticide treatment was the best (33 days after application of Disyston 8 kg
per 10ares). As the dose of the insecticide was decreased, or as the time after application
was passed, the effects of insecticide became less and the time required to Kkill the aphids was
prolonged. When soybean plants treated with Disyston 8 kg, 4 kg, and 2 kg per 10ares were
inoculated by viruliferous aphids, the aphids were able to infect the virus to 40.0, 56.7, and
73.3 per cent of plants, respectively, 28 days after application, whereas 78.1 per cent of plants
untreated were infected. Forty-four days and 52 days after application, the insecticide had
no effects on aphid inoculation of virus. These results indicate that the insecticide will not
prevent the infection by viruliferous alate aphids migrated in the field because the aphids can
infect before they die, but it will prevent considerably the spread of the virus within a field.





