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Survival and Spread of Potato Viruses in the Columbia
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Weeds and Crops
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Foundation, Moses Lake.

Introduction
It is well known that potato viruses survive winter in seed tubers and in volunteers, but their survival in

weeds and their spread in the spring from weeds to the potato crop in the Columbia Basin is little-known. The
question of endemic survival has taken on a new urgency with the recent introduction of strains of PVY that cause
tuber necrosis. Why? Because viruses that survive in overwintering weeds generally cannot be eradicated from a
region once they have been introduced. This is true because it is virtually impossible to eradicate weedy sources.
Alternatively, viruses that depend entirely on seed sources of the crop for their survival could be eradicated from a
region by eliminating them from seed stocks and by control of volunteers. This might be a difficult task, but it is
not impossible. Progress in tissue culture and micro-tuber propagation of potatoes in recent years provides much
greater flexibility and potential for eliminating viruses from seed stocks. Furthermore, recent progress in control of
potato volunteers is very encouraging (Personal communication, Rick Boydston).

We have studied the potential for survival of potato viruses in the Columbia Basin over a period of several
years. Our results lead us to conclude that potato viruses A, M, S, Y, and leafroll cannot survive here without seed
sources. We will present our results in this article and two follow-up articles entitled  2) Newly discovered summer
hosts that impact survival and spread and 3) Attempts to infect susceptible hosts in areas of the Columbia Basin
remote from potato production.

Weed hosts that survive winter as green, growing plants (winter annuals, biennials, and perennials) are
potentially the most efficient in overwintering plant viruses, particularly if they also provide overwinter support for
insect vectors (see Potato Progress Vol. 2, April 3, 2002). Although viruses may survive winter in perennial hosts,
such species that do not provide green foliage throughout the winter may be less important as endemic sources. For
such plants to serve as sources of virus, aphids must acquire the virus during a visit to the plant while en-route to
the potato field from a different host.

Volunteer potatoes are much less important as a spring source of the stylet-borne (nonpersistent) viruses
(potato viruses A, M, and all Y strains) than of circulative, also called persistent viruses (PLRV) unless the
volunteers occur directly in the potato field or side-by-side with it. This is true because aphids lose the ability to
transmit stylet-borne viruses very rapidly and rarely transmit for more than a few minutes after acquiring the virus
from a virus infected plant. Thus, sources of PVY, either from potatoes or weeds, must occur directly in or near the
potato field. Leafroll, on the other hand, is a virus that circulates within the aphid and is transmitted for the post
acquisition life of the aphid. Thus, distant sources of inoculum are much more important for PLRV. 
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Methods and Results
Two approaches were utilized to test the potential for virus survival in overwintering weeds and crops. In

one, the susceptibility of the plants was tested under controlled conditions in a greenhouse. In the other, the natural
infection of plants that were exposed to possible virus infection under various field conditions was assessed. Plants
were assayed for virus infection using enzyme-linked immunosorbent assays (ELISA), polymerase chain reaction
assays (PCR), and insect transmission to diagnostic hosts.

Greenhouse susceptibility of winter weeds: Winter annual and biennial weed species that occur in or near
potato fields in the Columbia Basin were identified. Seed of these species was harvested from wild plants,
germinated in the greenhouse, and inoculated with potato viruses (Table 1). The perennial species, hoary cress and
perennial pepperweed (Table 1) were started from rhizomes of wild plants, assayed to insure freedom from potato
viruses, and then inoculated as above. Plants were inoculated using mechanical (rub) and aphid transmission
methods. Aphid inoculations employed at least 50 infective aphids in each test. At least 30 plants of each species
were inoculated in the 3 replicates. Inoculated plants were examined for symptom production and assayed for virus
infection . Winter crop species were similarly assessed for greenhouse susceptibility.

Table 1. Common and scientific names and seasonal growth type classification for overwintering weeds found in
the Columbia Basin and assessed for susceptibility and for winter infection with major potato viruses. 

Common Names Scientific Names Growth Type1

Plant Name Family Genus and Species Family

Prickley Lettuce Sunflower Lactuca serrida Asteraceae W, B

Groundsel Sunflower Senecio vulgaris Asteraceae A, B

Coast Fiddleneck Borage Amsinckia intermedia Boraginaceae A

Shepherd's Purse Mustard Capsella bursa-pastoris Brassicaceae A,W

Hoary cress Mustard Cardaria draba Brassicaceae P

Flixweed Mustard Descurainia sophia Brassicaceae WA

Perennial Pepperweed Mustard Lepidium latifolium Brassicaceae P

Clasping pepperweed Mustard Lepidium perfoliatum Brassicaceae A,W

Jim Hill Mustard Mustard Sisymbrium altissimum Brassicaceae A, W

Tall Hedge Mustard Mustard Sisymbrium irio Brassicaceae W

Chickweed Pink Stellaria media Caryophyllaceae W

Redstem Filaree Geranium Erodium cicutarium Geraniaceae A,B

Henbit Mint Lamium amplexicaule Lamiaceae A

Mallow Mallow Malva neglecta Malvaceae A,W,B

Black Henbane Nightshade Hyoscyamus niger Solanaceae W

 A = Summer annual, W = Winter annual, B = Biennial, P = Perennial1

Results of greenhouse susceptibility assays of weed species are given in Table 2. Only (PLRV) infected
any of the tested species– Shepherd's Purse, Jim Hill (Tumble) Mustard, and Black Henbane. Only 15 Shepherd's
Purse and 12 Jim Hill Mustard plants among 30 that were inoculated became infected, while all of the susceptible
control plants (Physalis floridana) and all Black Henbane plants were infected.

Winter crops in the mustard family were assessed for susceptibility to potato viruses together with studies
to determine the role of beet western yellows virus (BWYV) in the leafroll disease of potato. At that time BWYV
had mistakenly been implicated by other researchers as a factor in the leafroll disease of potato. The winter crops
assessed in the greenhouse included 14 cultivars of four forage rape species and 44 cultivars of two winter rapeseed
species. The forage rape species were Turnip (Brassica rapa), Rape (B. napus), Swede (B. napobrassica), and Kale
(B. oleraceae var. viridis). The rapeseed species were Argentine type (Brassica napus) and Polish type (B.
campestris). None of the potato viruses infected any of these winter crop species. 

Field infection of winter weed and crops species: Winter weed and crop species normally germinate near
the end of the potato growing season when potential for infection with potato viruses is optimal. Plants that become
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infected can carry the virus overwinter. These winter weed and crop species were assessed for infection in late
winter. The two perennial species (Hoary Cress and Perennial Pepperweed) were assessed for infection after new
growth was produced in the spring. Results are summarized in Table 3. Many of these studies were conducted in
field plots at Prosser that were designed to select for virus resistance in potato.  Potential virus exposure in these
plots was intense due to large numbers of green peach aphids. In other studies, weeds that grew in or near
commercial circles that contained virus-infected plants were assessed for virus infection. In 2001, winter weeds
that grew in or near 18 circles known to be infected with PVY  were assessed for infection. The virus infectionN

status of circles selected in 2002 was unknown but some plants had PVY symptoms. In 1999 and 2002, winter
plants that grew in general locations of the Basin (orchards, vineyards, and general waste areas) were assessed for
infection with potato viruses. We collected plants from such locations to include winter species that do not grow
well in cultivated areas. Locations that were not necessarily associated with virus-infected potatoes were selected
to determine whether infection in weeds depended upon transmission from a near-by potato source of virus. 

Table 2. Greenhouse susceptibility of winter weeds to potato viruses1

Plant Species Viruses

PVA PVM PVS PLRV PVY PVYO N

Shepherd's Purse - - - + - -

Hoary cress nt nt - - - nt

Flixweed - - - - - -

Perennial Pepperweed nt nt - - - nt

Clasping pepperweed - - - - - nt

Jim Hill Mustard - - - + - -

Tall Hedge Mustard - - - - - -

Redstem Filaree nt nt - - - nt

Mallow - - - - - -

Black Henbane nt nt nt + nt nt

 ( + ) = susceptible   ( - ) = not susceptible   ( nt ) = not tested1

Results are given in Table 3. Only PLRV infected any of the tested species. It infected Shepherd's Purse (9
of 547 plants assayed) and Jim Hill (Tumble) Mustard (12 of 1174 plants assayed). All infected plants were found
in experimental plots where inoculum from infected potato was abundant. The low number of infected Shepherd's
Purse and Jim Hill Mustard found in plots where all susceptible potato plants were infected with PLRV indicates
that these species were difficult to infect in the field. Black Henbane, which was susceptible to PLRV under
greenhouse inoculation (Table 2) was not found growing in cultivated potato circles or plots. It was found only in
the general areas, although three were collected in the corner of one circle in 2002. The fact that no plants of this
species were found infected in the field suggests that inoculum exposure in the general areas where they were
found was light.

The winter mustard crop species described above were grown in experimental plots near potato plots that
were infected with potato viruses and heavily infested with the green peach aphid. These plots were seeded in
August. Thus, virus inoculum from the potato plots remained available throughout the fall. Thirty randomly
selected plants of each cultivar were assayed for potato viruses A, M, S, Y, and PLRV in late winter. None of the
plants produced a positive assay for any potato virus.

Conclusions
Of the plant and crop species we studied, only Shepherd's Purse and Jim Hill Mustard were infected with

any common aphid-transmitted potato virus, and these only with PLRV under very heavy exposure. These results
indicate that the aphid-transmitted potato viruses, with the possible exception of PLRV, cannot survive
endemically in the winter weeds we found in the Columbia Basin.
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Table 3. Potato virus infection of overwintering weeds in or near field plots or circles that had produced virus-
infected potatoes in the past growing season. 

Number Weeds Assayed Per Year Total Positive Assays

Weed Species
Assayed

PVY   Plots PLRV    Plots PVA1 1

Plots1

General Circle Plants2 3

Assayed
Total - All Years Per

Potato Virus

90 91 99 90 91 99 91 92 99 02 01 02 A M S Y LR

Prickley Lettuce 0 0 0 0 0 0 0 0 39 45 0 0 84 0 0 0 0 0

Groundsel 21 10 18 5 33 19 28 14 15 10 132 47 352 0 0 0 0 0

Coast Fiddleneck 5 17 9 2 12 3 7 5 0 3 23 5 91 0 0 0 0 0

Shepherd's Purse 40 42 35 40 37 40 23 39 43 25 127 56 547 0 0 0 0 9

Hoary cress 0 0 0 0 0 0 0 0 32 28 0 0 60 0 0 0 0 0

Flixweed 40 67 43 40 78 65 50 53 52 55 474 96 1113 0 0 0 0 0

Per. Pepperweed 0 0 0 0 0 0 0 0 14 16 0 0 30 0 0 0 0 0

Clasping pepperweed 3 2 5 1 5 7 4 21 18 44 0 12 122 0 0 0 0 0

Jim Hill Mustard 40 61 64 40 66 73 52 50 54 67 418 189 1174 0 0 0 0 12

Tall Hedge Mustard 40 23 44 41 36 30 18 25 55 47 213 53 625 0 0 0 0 0

Chickweed 0 0 0 0 0 0 0 0 35 72 0 0 107 0 0 0 0 0

Redstem Filaree 40 21 34 40 39 33 42 14 44 53 197 144 701 0 0 0 0 0

Henbit 40 44 48 40 28 33 18 32 0 23 51 41 398 0 0 0 0 0

Mallow 40 24 47 40 18 37 19 16 51 63 270 72 697 0 0 0 0 0

Black Henbane 0 0 0 0 0 0 0 0 21 34 0 3 58 0 0 0 0 0

Plots inoculated with PVA, PVY, or PLRV. No pesticides used. Aphid populations were very high.1 

Plants collected in vineyards, pastures, orchards, and general waste areas not associated with potatoes.2 

In 2001, total of 18 circles with PVY  infection. In 2002, total of 10 circles with PVY symptoms.3 N

USDA-ARS/WSU Cropping Systems Field Day - Paterson

The 2003 USDA-ARS/WSU IAREC
Cropping Systems Field Day will be
held Wednesday, July 16, 9:00 am at
the ARS Paterson Research site.
Research plot tours will be followed
by a hosted luncheon. Contact Dr. Hal
Collins, USDA-ARS at 509-786-9250
for details.


