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My background
• Crapo Farms – summers 

during school
• Stukenholtz consulting –

summers during school
• Oregon State Univ. PhD 

1993
• Seed certification Colorado 

4 yrs
• Seed certification Idaho 6 

years
• USDA pathologist on 

breeding program 18 yrs+



Prior to 2000
Before PVY: Leafroll and visual inspections –
Oceanside, CA



Virus basics
Common Potato Viruses

• Potato Virus Y
• Potato Virus A 
• Potato Virus M 
• Potato Virus S 
• Potato Virus X 
• Alfalfa Mosaic Virus =

• (aka Calico Virus)

• Potato Leafroll Virus = PLRV

Mosaic 
Virus
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Make up of PVY strains

Karasev and Gray, 2013

• Potato virus Y is a single strand RNA virus that is relatively 
short

• PVY has ~9700 base pairs and has a tendency to mutate

Common strain

Necrotic strain (on tobacco)

Recombinant strains



1.PVY (ubiquitous, vector is aphids, no insecticide control, 37-50% of the isolates 

tested cause tuber damage in Yukon Gold.)

2. PMTV (vector is powdery scab, widely distributed)

3. TRV (vectored by stubby root nematode, limited distribution, but can be confused with PMTV)

4. PLRV (controlled by neonicotinoid insecticides)

5. AMV (at issue mostly when seed is grown next to alfalfa fields)

6. TSWV (can be a problem for greenhouse growers)

Virus RISK to growers



History of PVY and change in strains

• Prior to the early 2000s in the US and Canada, the primary strain was 
PVYO

• PVYO caused yield loss
• Necrotic strains can cause quality defects in tubers
• Necrotic strains such as PVYNTN and PVYNwi have become more 

common place depending on the area of the country
• The west has more PVYNwi and the northeast has more PVYNTN

• PVYO has been mostly replaced by the necrotic strains

• Certification keeps a list of varieties that have poor PVY expression



PVY – quick facts
• Aphids (non-persistent transmission)
• Quality loss (necrotic tuber symptoms)
• Foliar symptoms cause yield reduction
• Hosts are potato and nightshade weeds

Ranger Russet

Alturas

PTNRD = Potato 
Tuber Necrotic 
Ringspot Disease



Varieties with latent PVY symptoms 
(i.e. hard to see)

VARIETIES STATES reporting
Alpine Russet ND, MT
Austrian Crescent WA
Banana CO, OR, WA 
Blazer Russet ID, OR, ME, MT
CalWhite CA, ID, OR, WA
Caribou Russet (AF3362-1) ME, WI, MT
Chieftain WA
Chipeta CO
Classic Russet OR, MT
Crestone Russet CO
Dakota  Diamond NE
Easton ME
French Fingerling CO, WA
Gem Russet CO, OR, ID, ND, ME
GemStar Russet OR, ID  
Green Mountain NY
Innovator CO, NY, ME

VARIETIES STATES reporting
Ivory Russet MT
Keystone Russet CO 
LaRatte CO, WA
Mesa Russet CO
Mercury Russet WI
Pike OR (specific strains)
Purple Peruvian CO, WA
Rose Finn Apple CO, WA
Russet Norkotah CO, ID, ME, MI, MN, ND, NE, NY, OR, WI, WA, ME, MT 
Sage Russet OR
Shasta OR
Shepody CO, ID, MI, MN, ND, NE, OR, WA, ME
Silverton Russet, SR-2 CO, WI, ND, ID
Snowden ME, WI
Winema OR

(from U.S. seed certification agencies, 2021)



2021 Seed acres and % of total U.S. seed acres 
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Russet Norkotah  11.7 Snowden 1.8 Caribou Russet (AF3362-1) 1.4 Silverton Russet, SR-2 1.0

Shepody 1.0 Chieftain 0.8 Ivory Russet 0.6 Austrian Crescent 0.2

LaRatte 0.2 Mesa Russet 0.2 CalWhite 0.2 Alpine Russet 0.1

Classic Russet 0.1 Mercury Russet 0.1

Total seed in the U.S. = 
106,651 acres

Top 5 varieties in U.S. (seed acres)

R. Burbank 14,095

R. Norkotah (all lines) 12,503

Frito-Lay varieties 9,801

Umatilla Russet 5,233

Ranger Russet 5,072
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PVY Strains at New Brunswick, Canada
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How did this happen?

• Some ideas
• Over years seed growers have been very good at removing virus through 

rogueing
• The biology of the necrotic strains may be different allowing better 

transmission over the PVYO strain
• There has been a change in the varieties over the years and some do not 

show PVY symptoms very well



PNW  Varieties
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(photos: Stewart Gray, Jonathan Whitworth, Mark Pavek)
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PVY mosaic 
symptoms

Nie and Singh 2013



What is the risk to growers??
Test multiple varieties and market class reaction to PVY

• Combined work
• Whitworth Lab – Aberdeen, Idaho
• Gray Lab – Ithaca, New York

• Multiple varieties by class
• Russet
• Chip
• Specialty
• Reds

• Multiple PVY strains using multiple isolates
• O, N:O, NTN, Nwi, NE-11



Origins of PVY isolates tested



Russet types foliar symptoms

Whitworth et al. 2021

Severe

Typical

Mild

None



Poster available –
email me at 
Jonathan.Whitworth@
usda.gov

Varieties 
with tuber 
symptoms

Varieties 
NO tuber 
symptoms

PVY 
isolates 
used



What about PTNRD in tubers?



PVY isolates used for screening 



SCRI grant - Tuber Necrotic Viruses (PVY, PMTV) 
• Alex Karasev leading
• Colorado

• Charkowski, Nalam, Wilbur, 
• Idaho

• Duellman, Karasev, Kuhl, McIntosh, 
• Novy, Olsen, Wenninger, Whitworth

• Maine
• Dill, Dwyer, Douches

• Montana
• Zidack

• North Dakota
• Pasche

• New York
• De Jong

• Oregon
• Frost
• Sathuvali

• Washington
• Feldman, Pavek, Swisher-Grimm

• Wisconsin
• Groves, Rioux



How you can find out about a grower’s seed

• All programs have records on each lot
• All growers receive copies of their 

inspections
• Visit the grower’s farm and/or storage
• A phone call requesting inspection 

reports OR requesting a PLANT HEALTH 
CERTIFICATE



Seed Certification can:

• Detect PVY, PLRV, PVX
• Detect Bacterial Ring Rot (BRR)
• Detect blackleg
• Detect variety mixes
• Detect chemical damage
• Keep identity

• Determine eligibility of seed for certification in the program
• Do field inspections
• Do storage inspections
• Do shipping point inspections



Seed Certification can’t (doesn’t):

• Regulate (except under general tolerances of external and internal 
defects):

• Tobacco rattle virus
• Potato mop-top virus  PMTV
• Powdery scab
• Common scab

• Use a tag to indicate disease status
• Tags are used to indicate size and grade

• Along with a few restrictions on appearance that can be caused by diseases.  



Two types of tolerances 
(Idaho – other states similar)

• Field test (summer)
• Seed borne infection
• Tolerances

• 0.2% PLRV
• 1% ‘Well Defined Mosaic’
• 1% total virus
• 0.2% variety mix
• 0% Bact. Ring Rot

• Field or lab test (winter)
• Current season infection 
• Tolerances

• 0.8% PLRV 
• 1% ‘Well Defined Mosaic’ 

(for recertification) 
• 5% Chemical damage
• 0% Bact. Ring Rot



Comparison between tolerances

• Summer Inspection
• 200 plants/acre
• in a 50 acre field, 1 

positive plant = 0.01%

• tells us about tuber 
borne virus

• Winter Inspection
• 400 tubers/sample
• in a sample 1 positive 

plant = 0.25%

• tells us about current 
season spread of virus



THEREFORE, 
a winter 
inspection 
gives an 
INDICATION 
of the virus 
level



PVY yield drag 
(1% virus = 1.5 cwt decrease)

(Nolte et al. 2004) (Nolte et al. 2004)



I bought blue tag seed, why do I have 
so much virus?

VIRUS??????



VIRUS??????



Seed 
Potato
Tags/
Certificates 
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Points to keep in mind while looking at seed 
lot testing results
• These are samples and samples represent what is in the total 

population
• There are always error levels built into sampling numbers and surveys

• For example, people sometimes talk about a survey having a 5 point +/-
margin of error

• Every sample taken may have a slightly different results
• Use the % as an indicator of HIGH, MEDIUM or LOW

• IF A SEED LOT IS ABOVE 10% IT IS HIGH
• IF A SEED LOT IS BELOW 10% IT IS MEDIUM OR LOW DEPENDING ON THE %



Slow down when making seed purchases.  

Make sure you have all of the information!!



• Most success in PVY resistance
• Ry genes, dominantly inherited genes

• Provide broad spectrum resistance against many strains and isolates
• Essentially immunity

• Varieties with Ry gene resistance
• Castle Russet – long russet for processing or fresh
• Payette Russet – long russet for processing or fresh
• Eva – round white
• Ciklamen – red variety

• Some varieties with Ny resistance
• Yukon Gem
• Premier Russet

Bringing resistance into new varieties



Virus Screening Trials – started in 1996
 Plants sprayed with PVY and aphids allowed to 

transmit
 At harvest, 10 tubers collected
 Greenhouse grow-out in January

 Visual symptoms are recorded 
 Each plant ELISA tested for PVX, PVY, and PLRV



USDA Aberdeen Breeding Program
Potential cultivars with PVY immunity (Ry genes) 
(slide from 2012)

USDA-ARS Potato
Breeding

Marker Field testing 
(2 yrs) 

Current Status 
(seed increase

and/or  yield trials)Potential cultivar Ryadg Rysto % PVY % PLRV % PVX 

A01235-33LB yes 0 24 10 --
A02645-1 yes 0 50 42 --
A02645-7 yes yes 0 75 0 Seed increase
A02645-13 yes 0 72 67 --
A02267-5PY yes yes 0 67 15 3rd yr regional
A02675-3 yes 0 62 100 --
A02706-4 yes 0 28 58 Seed increase
A03921-2 yes 0 51 14 1st yr local & national
A03951-5 yes yes 0 55 0 --
A03951-6 yes 0 76 16 --
Russet Burbank (susceptible
control)

85 85 100 --



Varieties with Ry genes (2021)

Type/Variety use Gene
Seed acres 
(2020/2021)

Year released Developed by or 
available from: Ref.

RUSSETS

Castle Russet Process/fresh Rysto 60/12 2018 Tri-state, PNW unpublished

Payette Russet Process/fresh Rysto 60/81 2015 Tri-state, PNW Novy et al.  
2017

Fortress Russet Fresh Likely 
Rysto

0/0 (greenhouse 
minitubers avail.)

2014 Colorado State 
Univ.

Dave Holm 
(pers. 
Communication)

Rocky Mountain 
Russet

Fresh Likely 
Rysto

126/30 2020 Colorado State 
Univ.

Dave Holm 
(pers. 
Communication)



Type/Variety use Gene
Seed acres 
(2020/2021)

Year released Developed by or 
available from: Ref.

CHIP/FRESH

Eva Chip/fresh Ryadg 74/81
(1537 Canada 
#7, 2019)

1999 DeJong, Cornell 
Univ.

Kasai et al. 
2000

Mackinaw Chip Ryadg 27/190 2020 Michigan State 
Univ.

Dave Douches 
(pers. 
communication)

Saginaw 
Chipper

Chip Ryadg 0/0 (grown in 
Australia)

2014 Michigan State 
Univ.

Dave Douches 
(pers. 
communication)

Lady Liberty Chip Ryadg 433/628 2018 Cornell Univ. W. DeJong 
(pers. 
communication) 

AAC Alta Crisp Chip Ryadg Unknown 2017 Agriculture & 
Agri-Food 
Canada

B. Bizimungu 
(pers. 
Communication)

Varieties with Ry genes (2021)



Type/Variety use Gene
Seed acres 
(2020/2021)

Year released Developed by or 
available from: Ref.

RED/SPECIALTY

Upstate 
Abundance

high set B size Ryadg 34/29 2017 Cornell Univ. W. DeJong 
(pers. 
communication) 

Ciklamen Red Rysto 1831/1876 ?? Multiple seed 
companies 
(origin in 
Hungary)

Heldak et al. 
2007

Masquerade Purple-Yellow 
skin/Yellow 
flesh

Rysto 1/3 2013 Colorado State 
Univ.

Dave Holm 
(pers. 
Communication)

AC99330-1P/Y 
(Harvest Moon)

Purple/Yellow Rysto 3/1.5 2015 Colorado State 
Univ.

Dave Holm 
(pers. 
Communication)

AAC 
Confederation

Yellow/Yellow Ryadg Unknown 2018 Agriculture & 
Agri-Food 
Canada

B. Bizimungu 
(pers. 
Communication)

Varieties with Ry genes (2021)



green
house 
work

No Ry genesRy genes





Resistant to PVY, TRV, Fusarium dry rot;
Insensitive to PMTV

Resistant to PVY and late blight



Summary

• PVY causes yield and quality loss
• Variety x PVY interaction

• Know the risk factors for varieties
• Reduce risk by buying seed with low virus readings

• Get a plant health certificate before buying seed
• Resistance to PVY and other diseases is being provided by breeding 

programs



The End

Any questions?
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