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ABSTRACT 

Part ial  or  "field" resistance t o  pota to  virus Y (PVY), Leafroll virus (PI-RV), and 
ear ly  dying (ED) diseases results  in several  fold increases in t o t a l  and marketable  
pota to  yields where exposures t o  these diseases exist.  Several dozen commercial  
type  lines have been se lec ted which have high levels of res is tance  t o  one or more 
of these diseases. Quantification d a t a  a r e  reported herein which i l lustrate 
advantages such resistance offers. PVY causes  dras t ic  yield and quality reductions 
in t h e  year of infection, part icularly in very  susceptible cult ivars like Lemhi. In 
most  cult ivars if tubers  a r e  saved from PVY infected plants and used for  seed, 
the re  a r e  essentially no useable tubers  produced on resulting chronically infected 
plant. PVY resistant  lines suffer  l i t t le  if any yield or grade losses from current  
season infections and even chronically infected plants produce fair  t o  good yields. 
PLRV generally causes  only minimal reductions in yield and g rade  in t h e  year of 
infection but, again, essentially no tubers a r e  produced on chronically infected 
plants, especially in very susceptible cult ivars like Russet. Burbank. PI-XV 
resistant  genotypes s u f f e r  no reduction in yield or p,rade in t h e  year of infection 
and minimal reductions in chronically infected plants. Most of our PVY/PLRV 
resistant  genotypes a r e  also resistant  t o  ED, s o  express t h e  full benefi ts  of virus 
disease resistance even where ear ly  dying is a serious problem. ED resistance 
is  not necessarily equated with l a t e  maturi ty.  ED res is tance  provides a longer 
tuber bulking season s o  i t  increases yields in long season areas ,  like t h e  Columbia 
Basin. These multi-resistant genotypes will: (1) reduce t h e  need for  pesticides, 
like aldicarb, which a r e  in danger of being banned, (2) reduce chances  of 
environmental contamination with pesticides, (3) make  i t  possible t o  raise seed 
closer t o  commercial  production areas,  (4 )  reduce %rower risks and inputs, ( 5 )  
increase productivity, and ( 6 )  increase profi ts  for  growers, packers and p- 
rocessors. 

INTRODUCTION 

ARS pota to  breeding program at Prosser 

During t h e  past 12 years, t h e  ARS-USDA pota to  breeding e f f o r t  a t  Prosser has 
concentra ted  on breeding and selecting for resistance t o  t h e  diseases, pes ts  and 
stresses which trouble t h e  pota to  industry in the  western  United States.  

This Presentation is pa r t  of t h e  Proceedings of t h e  1989 \Vashington S t a t e  Po ta to  
Conference & Trade Fair. 



Particular emphasis has been placed on resistance t o  pota to  leafroll virus, pota to  
vurus Y, Columbia root-knot nematode, deep-pitted scab, and early dying, caused 
by Verticillium and Sclerotinia wilts, early blight, and powdery mildew. 
Worthwhile levels of resistance t o  these  diseases were  sought in thousands of 
clones of domestic pota to  collected from all  o ther  breeding programs in the  U.S., 
Canada, and other major breeding programs throughout the  world. Dr. Pe te r  
Thomas has also intensively searched for virus resistance in wild species re la ted t o  
potato. He has found what appears t o  be imrr~unity t o  PLRV and also very high 
levels of tolerance. More recently, with t h e  addition of Dr. Chuck Brown t o  our 
pota to  breeding s taff ,  this e f fo r t  with wild species and exot ic  cultivars has been 
expanded and new genetic engineering methods of introducing resistance genes 
into the  domestic gene pool a r e  being tried. 

Not much resistance available in U.S. cult ivars 

Low t o  moderate  levels of virus and ear ly  dying resistance were  found in a 
few currently available eas tern  U.S. and Canadian cultivars, but very l i t t le  was 
found in cultivars adapted t o  the  Northwest. Some cultivars from Europe and 
South America, and a few old U.S. cult ivars which a r e  no longer used, were  found 
t o  have moderate t o  high levels of field resistance t o  viruses and ED. A few 
breeding lines, inherited from Dr. Bill Hoyman and received from other breeding 
programs in t h e  U.S. and Canada, were  found t o  have worthwhile levels of 
resistance, especially t o  scab and ED. But none of the  resistant  lines from these  
various sources were  adapted t o  the  needs of t h e  Northwest pota to  industry. 

Good resistant  breeding lines coming from Aberdeen, ID. program 

Dr. Joe  Pavek, ARS-USDA breeder a t  Aberdeen, ID., produces most of t h e  
clones being evaluated in the  western states. He has also been introducing disease 
resistance into his germplasm pool and a number of disease resistant  clones adap- 
t ed  t o  Northwest needs a r e  emerging f rom his crosses. By screening many 
thousands of early and advanced generation Aberdeen clones collected from trials  
in Idaho, Oregon, California, Colorado, and Washington, we found several dozen 
with valuable resistance in combination with acceptable  horticultural type. 

Prosser program has concentra ted on enhancing resistance 

At Prosser we have been concentrating on enhancing and combining resistances 
by intercrossing various sources of resistance t o  accumulate  resistance genes. 
Individual clones have been developed with high levels of resistance t o  several  
diseases. However, since emphasis has been on resistance, with only minimal 
at tention t o  horticultural characterist ics,  most of our resistant  clones a r e  not 
adapted t o  the  Northwest french fry industry. Though they contain valuable 
combinations of genes for resistance and some superior horticultural a t t r ibutes ,  
they have received l i t t le  at tention from breeders as parents. Par t ly  this is 
because of the  ex t reme  difficulty of developing improved cult ivars even when 
crossing only well-adapted cultivars with superior horticultural  type. 



Use of poorly-adapted breeding lines with serious horticultural weaknesses 
diminishes t he  chances of success. Since type, yield, grade, quality, proces- 
sability, handling, and storage character is t ics  a r e  more important than disease, 
pest, or stress resistance, f irst  priority must be placed on these horticultural 
characterist ics in breeding parents. 

Now have promising commercial types with good resistance 

W e  have finally accumulated from many sources a number of clones t ha t  have 
acceptable t o  superior horticultural profiles combined with worthwhile levels of 
virus, ED, and scab resistance. Some appear t o  have potential for release a s  
cultivars, or at least  a s  valuable breeding parents. W e  a r e  concentrating on 
increasing seed of these lines and quantifying their  resistance and horticultural 
a t t r ibutes  in more extensive performance and grower trials, and in greenhouse 
characterization studies. They can then be entered in Tri-State and Regional 
Trials so  breeders and the industry can evaluate  their usefulness for breeding or 
commercial  production. This paper presents da t a  collected in 1988 on some of 
these  lines (Table I), illustrating the  value of PLRV, PVY, and ED resistance, 
combined with good horticultural characteristics. 

MATERIALS AND METHODS 

Studies were conducted at the Research Station in Prosser, Wa. on sandy loam 
soils under sprinkler irrigation. W e  applied NPKZn at 200:67:67:10 lbs/A before 
land preparation in the  spring. The land had been planted t o  Sudan grass t he  
previous year and contained minimal carry  over nitrogen. The tr ials were on a 
weekly irrigation schedule, creating somewhat stressful growing conditions, t o  
identify and eliminate stress sensitive clones such a s  Russet Burbank. Stress 
e f fec t s  were most evident during the hot ter  part  of the  growing season and in the  
l a t e  performance trial, where soil t i l th was not a s  good a s  in the  other  f ive trials. 

Results of the following six field tr ials were combined t o  illustrate the  value 
of ED and virus resistances under disease exposure or when diseased tubers were 
planted. Because of lack of seed, plot sizes were relatively small and differed 
between trials. All 13 lines (Table 1) were  not included in all six trials. In a few 
cases  one or two replications were  missing. These da t a  a r e  extracted from large 
trials, each of which involved several hundred entries. They i l lustrate the  type of 
results observed with dozens of other lines, which a r e  not included for t he  sake of 
brevity. 

Early performance tr ial  (E. Perf.) 

Four replications of 10 hills of each line were planted on May 2. The tr ial  
was sidedressed with Temik at 3 lb ai/A shortly before emergence. Very l i t t le  
PVY infection was evident in this trial, but the re  was a moderate amount of 
current season PLRV symptoms appearing by the las t  two harvests. This probably 
had l i t t le  e f f ec t  on yield. The tr ial  was sequentially harvested over a 36-day 
period. Replication one was harvested August 17, replication two August 29, 
replication three  September 12, and replication four September 22. 



Thus, we measured the  performance of these  lines during an early harvest period, 
not on a given single date. Plant growth was good throughout the  season but ED 
symptoms were evident in the  field by the  t ime of the  third harvest and became 
severe  by the  fourth harvest. 

La t e  performance tr ial  (L. Perf.) 

This tr ial  was grown next t o  the  early performance tr ial  and was t rea ted  the  
same. Four replications of 10 hills were planted May 3 and Temik was applied a s  
above. PVY and PLRV exposure were similar t o  t ha t  in the  early performance 
trial, but PLRV infections had longer t o  express themselves, so  probably had some 
e f f ec t  on yields. Plant growth was generally good throughout the  season. The 
tr ial  was sequentially harvested over a 30-day period. Replication one was 
harvested October 3, replication two October 13, replication th ree  October 24, 
and replication four November 3. The e f fec t s  of ED and resistance t o  ED were 
fully expressed in this trial. 

Current season PLRV trial  (CSLR) 

For most entries three  replications of four hills were planted May 6. Surplus 
seed was available for entries Russet Burbank, 79Dsl1, and NY 59, so four 
replications of 10 hills were planted. Every fourth row in this tr ial  was planted t o  
tubers known t o  be infected with PLRV, t o  serve a s  a virus source. No Temik 
was applied. Several f la ts  of Physalis floridana, a good host of green peach aphid 
(GPA), and PLRV were grown in an  insectary and infested with GPA carrying a 
severe  strain of PLRV. Early in the growing season, an  aphid-bearing Physalis 
plant was transplanted into the  middle of each  4- or 10-hill field plot t o  enhance 
disease exposure. I t  was necessary t o  spray the  field with Sevin at t the  
recommended r a t e  twice during the season t o  control Colorado potato  beetles. 
This tr ial  was harvested October 19 a f te r  ED had killed most entries. 

Current season PVY trial  (CSY) 

This tr ial  was planted May 11 in a manner similar t o  the  CSLR tr ia l  above, 
using the  same plot sizes, insecticide treatments,  etc. Disease inoculation was 
done by hand rubbing each plant shortly a f t e r  emergence with infective plant 
juices and carborundum. Juice was extracted from greenhouse grown plants 
infected with PVY by grinding in a Waring blender and squeezing through several 
layers of cheesecloth. This juice was diluted 1:9 with buffer. Two tablespoons of 
600-mesh carborundum was added t o  each liter. This solution was placed in a 
500-ml erlenmeyer flask with a cheesecloth cap over the  mouth of t he  flask. The 
cap  was fashioned by folding cheesecloth t o  produce a pad thick enough t o  allow 
the  juice t o  slowly seep through. This pad was held in place with a strong rubber 
band. As the  flask was inverted a constant supply of juice and carborundum 
wet ted the  pad and was rubbed on the  upper leaves of each  plant in t he  field. 
This tr ial  was harvested October 12 a f t e r  ED had killed t he  plants of most 
entries. 



Chronic PLRV tr ia l  (Chr LR) 

In 1987, tubers had been saved from lines in the  CSLR trial  t h a t  had expressed 
mild or no PLRV symptoms. Tubers w e r e  also saved from Russet Burbank and 
other susceptible cult ivars t o  use as susceptible checks. These 1987 tubers were  
planted as seed in 1988 t o  measure the  e f f e c t s  of chronic infection. They were  
planted in replicated 8-hill plots in our leafroll  nursery. No Temik was applied so  
they received a second year of intense PLRV exposure. 

Chronic PVY tr ia l  (Chr Y) 

Seed was saved from the  1987 CSY t r i a l  and planted in the  1988 PVY disease 
nursery in the  same manner as the  Chr LR trial  described above. Since Temik 
was not applied, lines in this tr ial  received another intense exposure t o  PVY. 

RESULTS 

Resistance t o  ED 

These six tr ials  were  in fields tha t  had been planted t o  potatoes in the  past so 
susceptible genotypes expressed severe  ED symptoms. Some lines were  dead by 
t h e  f i rs t  harvest date,  August 17. Additional lines were  dead on each of t h e  
sequential harvest dates. Harvests occurred about every 10 days over t h e  next 24 
months. Russet Burbank and Abnaki died by mid-September. Lines which lived 
longer than Russet Burbank were considered t o  have useful ED resistance. Plants 
of a few lines were  still  healthy in mid-October and died only when killed by 
frost. 

The virus resistant  lines described in th is  report  had high levels of resistance 
t o  ED, some remaining alive until the  l a t e s t  harvest  dates. The advantages of 
this ED resistance is indirectly measured by comparing yields in early and l a t e  
performance tr ials  (Figs. 1, 5). Early tr ials  were  harvested over a 36-day period 
just before and during the  t ime  tha t  Russet  Burbank and Abnaki were  being killed 
by ED diseases. Since all  entries described in this paper had healthy plants during 
much of the  growing season preceding these  harvests, they had similar yields in 
early harvests. However, when these same lines were  sequentially harvested for a 
30-day period a f t e r  Russet  Burbank and Abnaki were  dead, t h e  ED resistance 
lines became increasingly higher yielding than the  susceptibles. Considering the  
whole l a t e  harvest season, the  ED resistance of this group of lines appeared t o  
increase to ta l  and No. I yields from one-to two-fold (Figs. 2, 3, 6, 7). The CSLR 
and CSY trials  were  harvested in mid-October a f t e r  most entr ies  were  dead, so  ED 
resistance also undoubtedly increased yields in these  tr ials  (Figs. 1-7). 

Resistance t o  PLRV 

Greenpeach aphids a r e  plentiful on t h e  Prosser s ta t ion each summer. 
Adequate PLRV sources were  prov~ded so exposure t o  leafroll was very intense in 
our PLRV nursery. Though the  potato plants were  not heavily infested with GPA, 
aphids could be  found on every plant during most of t h e  season. 



Leafroll symptoms were  prevalent by mid-summer and by t h e  t ime  ED was 
expressed the re  was a 100% incidence of current  season leafroll on susceptible 
lines. There was also some PVY in this leafroll nursery. By the  t ime  of harvest 
on October 19, ED had caused severe  e f f e c t s  t h a t  could not be distinguished from 
PLRV effects.  However, the  e f fec t s  of PLRV infections and resistance can be 
indirectly measured by comparing yields of lines in the  performance tr ials  and the  
PLRV nursery (Fig. I). These tr ials  had similar levels of ED but differed greatly 
in PLRV exposure. CSLR apparently did not cause much reduction in yield or 
grade in e i ther  the  susceptible check o r  resistant  entries. The differences 
between Russet Burbank and resistant  en t r i es  were  similar in these  two trials. 
When PLRV infected tubers were  planted, however, the  difference between Russet 
Burbank and these  resistant  lines became ex t reme  (Fig. 1). The c rop  of Russet 
Burbank from infected tubers was practically worthless while resistant  lines were 
able  t o  produce a good crop. 

The actual  yields, shown in Fig. I ,  a r e  somewhat misleading because t h e  fields 
in which the  four tr ials  were  grown differed in t i l th and productivity. The results 
a r e  more meaningful if yield results  a r e  shown as percent of t h e  Russet  Burbank 
standard in each trial. The to ta l  and No. 1 yields of the  other  en t r i es  were  
divided by the  yield of Russet Burbank in each tr ial  and t h e  resulting figure 
multiplied by 100 t o  obtain the  % of Russet Burbank yields shown in Figs. 2, 3, 6, 
7. Since Russet Burbank is dominant in the  Northwest, i t  is proper t h a t  
everything should be compared t o  this cultivar. In Figures 2 and 3 i t  is  obvious 
t h a t  to ta l  and No. I yields of resistant  entr ies  a r e  dramatically be t t e r  than Russet 
Burbank in a chronically infected crop. PLRV resistance results  in a several  fold 
increase in to ta l  and No. I yields. The advantage of resistant  entr ies  over Russet 
Burbank in the  l a t e  performance and CSLR trials  is presumably due t o  the  ED re- 
sistance of these lines, allowing them t o  photosynthesize for an e x t r a  month or so. 

Resistance t o  PVY 

PVY has a more severe a f fec t  than PLRV in the  current  season of infection 
since i t  results in defoliation and severe  stunting of susceptible lines. The 
cultivar Shasta, though i t  expressed some disease symptoms, was less severely 
a f fec ted  than Russet Burbank, Lemhi, and Shepody (Fig. 4). We have identified 
several  dozen other lines with relatively high levels of combined resistance t o  ED 
and PVY and acceptable horticultural type. The superior performances of a 
representative sample of these  (Table I )  a r e  shown in Fig. 5, 6, and 7. They 
yielded much be t t e r  than Russet Burbank in the  l a t e  performance t r ia l  and 
dramatically be t t e r  in the  tr ial  where they received intense exposure t o  PVY by 
hand rubbing each plant with inoculum (Fig. 5). PVY resistance resulted in a 
several  fold increase in to ta l  and No. I yield. The combined resistance t o  these  
diseases allows tuber bulking over a much longer season. In the  chronic PVY trial, 
Russet  Burbank was essentially worthless, while most resistant  entr ies  produced at 
leas t  a fa i r  yield. 

Again, since growing conditions in these  four tr ials  differed,  t h e  advantages 
resulting from resistance t o  ED and PVY a r e  bes t  illustrated by showing t h e d a t a  
as percent of t h e  Russet Burbank standard (Fig. 6, 7). As expected,  Lemhi was 
even worse than Russet Burbank in i t s  react ion t o  CSY infection. 



Shepody reacted about t h e  s a m e  as Russet  Burbank. Shasta and the  other 
resistant  entries were  damaged very l i t t le  by CSY infection. The PVY resistant  
lines performed much be t t e r  than Russet Burbank when infected tubers were  
planted. 

DISCUSSION 

Combined virus and ED resistance very beneficial 

The results of these  1988 trials a r e  based on small  plots and must be  
considered only preliminary, but they offer  persuasive evidence t h a t  resistance t o  
ED, PLRV, and PVY is very beneficial. Resistance t o  ED expresses itself a s  
increased to ta l  and No. I yields in harvests a f t e r  early t o  mid-September. ED 
resistance also makes it possible for resistances t o  PLRV and PVY t o  more 
completely express their  benefits. However, note  t h a t  t h e  PLRV resistance of the  
ED susceptible cultivar Abnaki does provide a definite yield benefit  alone. 

Causes of early dying 

No e f fo r t  was made t o  determine the  cause of ED in these  studies. It is 
presumed tha t  ED resulted primarily from a combination of natural  senescence 
(maturity?) and Verticillium wilt. However, the re  was also some early blight and 
powdery mildew present. From past  experience, we have found t h a t  ED resistance 
very of ten provides combined protection against these  t h r e e  diseases plus 
Sclerotinia wilt, since all a r e  diseases associated with senescence. 

Is early dying resistance simply l a t e  maturi ty? 

Though ED resistance is o f ten  equated with l a t e  maturi ty,  the re  a r e  large 
differences between ED resistant  lines in t h e  t ime  they in i t ia te  and bulk tubers 
and accumulate dry mat ter .  Examination of the  figures in this paper show tha t  
several  have early yields and grade equal t o  or be t t e r  than Lemhi and Shepody; 
two  cultivars tha t  a r e  used for early season processing in the  Columbia Basin. 
The solids of these ED resistant  lines in early harvests (Table I), also indicate 
their  earliness. Their virus and ED resistance provides them the  potential  of 
producing much higher yields over a long growing season, such as occurs in the  
Columbia Basin. These resistances will have less significance in a r e a s  with 
shorter  growing seasons. As sufficient seed of these  resistant  lines becomes 
available, larger scale, replicated sequential harvest, and grower tr ials  will be  
conducted t o  confirm this earliness, and t h e  yield advantages offered by disease 
resistance. 

Problems associated with early dying resistance 

There a r e  some problems associated with ED resistance. Even though yield 
and solids may be present, i t  is difficult with resistant  lines t o  cause the  skin of 
tubers t o  "set" or "mature," so  it will remain in place during early harvests. Most 
resistant  lines have indeterminant plant growth habit. The resulting large, green 
vines a r e  difficult t o  kill and handle during harvest  and contr ibute  t o  the  
"immature" appearance of t h e  tubers. 



Various studies have shown t h a t  silage made from pota to  vines makes good 
c a t t l e  feed. However, t h e  proper equipment for harvesting pota to  tops prior t o  
tuber harvest has not been developed. Hopefully, as yield benefits of ED and 
virus resistance become be t t e r  documented, equipment manufacturers will develop 
and produce the  necessary equipment t o  harvest green pota to  vines and make 
them into silage. This silage can become another  source of income for growers. 

Virus resistance provides protection 

Resistance t o  PLRV and PVY provides valuable protection against yield losses 
from current  season exposure t o  these  virus diseases. Such exposure occurs 
regularly in most commercial  fields. Aphids of ten move into commercial  fields 
from nearby virus infested volunteer potatoes or weed hosts t h a t  harbor viruses. 
Yield losses f rom CSLR a r e  usually small, but quality losses from net  necrosis 
caused by PLRV infections can be very serious. We have found only a few lines 
t h a t  a r e  as bad as Russet Burbank for net  necrosis, but many lines produce s tem 
end browning (SEB) under cer ta in  situations or conditions (Table I). It is difficult 
t o  determine whether this SEB is due t o  PLRV or t o  cultural  or environmental 
factors.  SEB in a tuber is not  as serious as ne t  necrosis. I t  is a blemish t h a t  can 
usually be eliminated during commercial  processing or home cooking. 

PVY can  cause serious losses 

Yield losses f rom CSY infections a r e  serious in susceptible cultivars. 
However, in the  PVY resistant  lines shown, and in several  dozen other resistant  
clones in our collection, the  e f fec t s  of intense PVY exposure a r e  minor. Though 
PVY is not considered a serious problem in commercial  production in the  
Northwest, i t  does cause some losses. It is by f a r  the  most serious virus disease 
worldwide. It is also a serious disease problem in pota to  breeding programs. In 
most breeding programs large numbers of otherwise promising clones a r e  discarded 
because of PVY contamination. It is hard t o  place value on these  discarded 
clones, but if only a few would have gone on t o  re lease  as superior cult ivars t h e  
loss would be multimillions of dollars. 

With resistance can  grow seed closer t o  production a r e a s  

One of the  most significant results of resistances t o  PLRV and PVY would be  
t h e  increased opportunity t o  grow seed closer t o  commercial  production areas. 
This would make seed cheaper t o  produce and t o  t ruck t o  commercial  growers. 
With the  current  "flush out" methods of seed production, where seed growers a r e  
constantly s tar t ing with nuclear, virus-free stocks, and then using effect ive  
pesticides, ELISA indexing, and winter grow out methods t o  keep seed clean, these  
PLRVIPVY resistant  genotypes could be  grown for seed even in a reas  where 
moderate populations of aphids were present. Such lines would be much less likely 
t o  become virus infected when fed on by aphids in t h e  seed area.  Control with 
genetic resistance would probably be even more  e f fec t ive  in cool, short  season 
seed production areas. Even if a few seed tubers were  infected when planted in 
growers' fields, losses would be minimal. 



First, there  would be minimal spread from virus resistant plants, and those few 
adjoining plants tha t  did become infected would suffer l i t t le damage. This virus 
resistance would also reduce the  need for pesticides during the  growing season 
which would please environmentalists. All these benefits would reduce t he  inputs 
into growing a crop of potatoes and reduce the  risk factors  involved in raising the  
crop. This would benefit growers, processors, paclters, and most other  potato 
industry people. 

Table I. List of cultivars and disease resistant lines used t o  i l lustrate benefits of 
resistance t o  potato leafroll virus, potato virus Y, and early dying, 
showing tuber type, specific gravity and internal blemishes. 

Specific Internal 

Figure Tuber Gravity 3 Blemishes 4 

Label1 Identity ~ ~ p e ~  EP LP HH IBS SEB 

RB 'Russet Burbank Lg Rus 75 69 0 0 38 

Le 'Lemhi Lg Rus 82 79 0 0 12 

Ab Abnaki Rnd Wh 80* 79 3 0 8 

SY Shepody Lg Wh 82 82 0 2 23 

Sa Shasta Lg Wh 79 77 5 0 20 

R1 76Ds2 Lg Rus 90 71 18 10 65 

R2 79Dsll Obl Wh 78 76* 0 0 32 

R3 AC80545- 1 Rnd Wh 77 83 0 3 12 

R4 A81286-1 Lg Rus 84 76 4 0 14 

R5 A08478- 1 Lg Rus - -  - - - - - - - - 
R6 AO84275-3 Lg Rus 90 97 0 0 28 

R7 NY 59 Rnd Wh 84 81 0 4 47 

R8 U4 Obl Rus 87 84 27 0 19 

Labels placed on columns in figures. 

Lg - Long, Rus - Russet, Rnd - Round, Wh - White, Obl - Oblong. 
Average of several replications. Measured using weight in air and weight 
in water 1.0-. 

HH-hollow heart and brown center, IBS-internal brown spot or heat 
necrosis, SEB-stem end browning, vascular necrosis, or net necrosis. 

* These two specific gravities were obtained from nearby plots. 



Figure I. Total and No. I yields of Russet Burbank and five PLRV res is tant  lines 
when grown in: (1) ear ly  and l a t e  season performance trials, under 
minimal leafroll exposure, (2) a disease nursery with intense current  
season PLRV exposure, and (3) a disease nursery planted t o  tubers 
collected f rom t h e  1987 leafroll nursery. 
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Figure 2. Total yields of f ive  PLRV res is tant  lines, shown a s  percent  of Russet 
Burbank yield when grown in: (I) early and l a t e  season performance 
trials, under minimal leafroll exposure, (2) a disease nursery with 
intense current  season PLRV exposure, and (3) a disease nursery 
planted t o  tubers collected from the  1987 leafroll nursery. 
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Figure 3. No. I yields of five PLRV resistant lines, shown a s  percent of   is set 
Burbank yield, when grown in: (1) early and l a t e  season performance 
trials under minimal leafroll exposure, (2) a disease nursery with 
intense current season PLRV exposure, and (3) a disease nursery 
planted to  tubers collected from the  1987 leafroll nursery. 
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Figure 4. Total and No. 1 yields of th ree  PVY susceptible cult ivars and the  
partially resistant Shasta cultivar when grown in early and la te  season 
performance trials, with very l i t t le  PVY, and in a disease nursery, with 
intense PVY exposure. 
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Figure 5. Total  and No. I yields of four PVY resistant lines and susceptible 
Russet Burbank when grown in: (I)  early and la te  season performance 
trials with very l i t t le  PVY, (2) a disease nursery with intense current 
season PVY exposure, and (3) a disease nursery planted t o  tubers 
collected from the  1987 PVY nursery. 
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Figure 6. Total yields of four PVY resistant lines, shown a s  percent of Russet 
Burbank yield, when grown in: ( I )  early and l a t e  season performance 
trials with very l i t t le PVY, (2) a disease nursery with intense current 
season PVY exposure, and (3) a disease nursery planted t o  tubers 
collected from the  1987 PVY nursery. 
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Figure 7. No. I yields of four PVY res is tant  lines, shown a s  percent of Russet 
Burbank yield, when grown in: (I) early and l a t e  season performance 
tr ials  with very l i t t le  PVY, (2) a disease nursery with intense current  
season PVY exposure, and (3) a disease nursery planted t o  tubers 
collected from the  1987 PVY nursery. 

E PERF L PERF CHR Y 


