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ABSTRACT 

By screening large numbers of crosses and lines derived from our own and other 
breeding programs in the U. S. and other countries, we found a number of clones with resis-  
tance to the Columbia root-knot nematode and to several early dying, scab and virus diseases 
which cause serious losses in the Northwest. In some cases, this resistance was found o r  in- 
corporated into lines that a r e  of commercial type. A number of these lines have combined re-  
sistance to several diseases and pests. Further testing will be required to determine the de- 
gree and nature of the resistance to Columbia root-knot nematode, but lines were identified 
which suffered minimal damage when exposed to high nematode populations, where Russet 
Burbank was severely damaged. High levels of resistance to early dying have been found to be 
associated with late tuber maturity, low solids, poor storability, and large green vines which 
a r e  a nuisance at harvest. Therefore, we a r e  now selecting for levels of resistance that pro- 
vides good vine cover in August and early September but senesce in September and October. 
Smaller, upright, determinant plants, resistant to  early dying, a r e  being selected. 

INTRODUCTION 

Russet Burbank Has Been a Good Partner for  a Long Time 

Potato growing in the West is largely a mnneculture, involving only one variety, 
Russet Burbank. This variety was found as  an F 2  seedling among 23 s is ter  seedlings in a 
home garden over 110 years ago and has grown in popularity ever since, until it has become 
by far the most important variety in the U. S. It is used to produce over 40% of the U. S. crop 
and over 90% of the potatoes produced in the West. A large, successful shipping and process- 
ing industry has been built in the Northwest based on special attributes of the Russet Burbank 
variety. It is a productive variety that stores and processes well and receives a premium 
price in markets desiring a good baking potato. It has been a good partner for  the Northwest 
potato industry for over 60 years now. 

Breeders Have Not Been Able to Improve Upon Russet Burbank 

Since Russet Burhank was found, several million F1 seedlings derived from controlled 
crossing programs have been grown, screened and evaluated in an effort to improve upon this 
chance seedling. A few clones have been developed, recognized and released a s  varieties that 
offer advantages over Russet Burbank for certain characteristics. None have been successful 
in replacing Russet Burbank in the Northwest potato industry because they all, so far, have 
had serious weaknesses that have made them unacceptable to  either growers, shippers, or  
processors. Overall these new varieties have not measured up to Russet Burbank. We wonder 
whether the goals or  methods of Northwest breeding programs of the past 50 years could be 
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improved in the future to increase the chances of developing and recognizing lines superior to 
Russet Burbank. 

Russet Burbank Has Many Weaknesses 

Russet Burbank bas a long list of serious weaknesses and defects. Several of these 
each cause millions or tens of millions of dollars of losses annually to  the Northwest potato in- 
dustry. Among i ts  weaknesses a r e  susceptibility to  the early dying diseases, Verticillium and 
Sclerotinia wilts, early and late blights and powdery mildew; to  the stem rots, blackleg, 
octonia and Colletotrichum; to the deep-pitted and powdery scab diseases; to  many tuber rots; 
t o y  virus diseases, including potato viruses X, Y, S, M, A,  TRV, or Corky Ringspot, 
leafroll and i ts  net necrosis symptoms; to northern and Columbia root-knot and golden nema- 
todes; to many insects, including Colorado potato beetle, aphids and spider mites; and to the 
physiological maladies, hollow heart, brown center, internal brown spot, hlackspot and sugar 
ends. Russet Burbank is also very sensitive to most cultural stresses,  producing low yields of 
knobby, mal-formed, poor grade tubers if not cared for carefully, Producing a good crop of 
Russet Burbanks usually requires the use of soil fumigation, insecticides, fungicides and high 
fertility and irrigation rates. A l l  of these a r e  becoming more expensive, making it ever more 
difficult for growers to realize a profit when raising this variety. Breeders should be able to 
improve upon this variety. 

Resistances to  A l l  Russet Burbank's Weaknesses a r e  Available 

Resistances to  many disease, pest and s t r ess  problems which trouble Russet Burhank 
have been available to  breeders for many years. Resistances to al l  i ts  serious problems a r e  
currently available. Most of these resistances a r e  found in domestic potatoes that a r e  close to 
commercial type. It is a great advantage for breeders to not have to  go to  wild or exotic species 
to find resistances and then laboriously introduce them into domestic germplasm over many 
decades. Unfortunately, very few of these resistances have been incorporated into new varieties 
o r  advanced lines being considered for release as  varieties. Most new varieties and advanced 
lines a r e  even more susceptible to diseases, pests and s t resses  than Russet Burbank, although 
they offer important advantages over Russet Burbank in one o r  more other characteristics. 
One advantage of most new lines is that they are  not so sensitive to  environmental stresses a s  
Russet Burbank and, thus, produce much better tuber grade. However, the susceptibility that 
new lines usually have to one o r  more other disease, pest, s t ress ,  o r  physiological problems 
usually prevent their widespread acceptance by the potato industry. There is some reluctance 
on the part of the potato industry to  commit effort and expense to  learning bow to grow, handle, 
store and process new varieties in spite of their weaknesses. It is easier  to stay with the old 
trouble-plagued Russet Burbank variety that has heen so thoroughly researched and with which 
they a r e  very familiar. 

The Northwest Industry is Trapped by the Russet Burbank Variety 

The arid, irrigated environment, which most potato growing areas  in the Northwest 
have in common, seems t o  be ideally suited to  potato growing. The yield and quality produced 
in this area  a r e  unsurpassed any place in the world. Russet Burbank is well-adapted to this 
environment. The Northwest potato industry has successfully emphasized this variety's at tr i-  
butes and established an "~daho baker" image that has become the cri teria of excellence. The 
oblong-russet image is such an important part of Northwest potatoes that it has been the prim- 
a r y  selection criteria used for many years in breeding programs in the West, and now has be- 
come one of the main selection criteria used in most breeding programs in the U. S. Large 
populations of valuable progenies a r e  reduced to only a few selections based on these two char- 
a~ct~e~ri.stics,~oblong~shape-andd~usset.~.skin.--~-Ne.ither-o~~-~hese~cosmetic-~characteri~st~cs-have-mu~ch~'~~ ~~~~~~ ~' 

to  do with the disease, pest or  s t r e s s  resistance, productivity, handling, storahility, process- 
ing and shipping characteristics that eventually determine whether a variety will be accepted by 
the industry. In fact, russet skin is almost always associated with low yield in breeding popu- 
lations. Based on the lack of oblong shape o r  russet skin, most breeders discard 99. 9% of the 
potential for genetic improvements in any o r  all of these important characteristics before they 



even start evaluating for them. You wonder how long our consumers can be allowed such a 
frivolous luxury when s o  many in the world would be happy for a bag of potatoes with any shape 
o r  skin type. The abilities of potato varieties to produce good crops under severe disease, 
pest and s t ress  exposures, crops that could he produced, handled and stored under adverse 
conditions, would be the most important variety characteristics to most people in the world. 
These characteristics will also become more important in U. S. potato production, because of 
economic pressures associated with the production, shipping, storing and processing costs. 

Varieties Resulting From 1983 Crosses Will be Released in 1993 to 2003 

Potato breeders must be conscious of the fact that crosses being made today will not 
yield new varieties for the potato industry until 10 to 20 years from now. It takes that long 
for  progenies of a cross to be screened, adequately tested and then released and increased for  
large scale commercial production. Therefore, the breeder must t r y  to  visualize and predict 
what the industry will need at the turn of the century as  he makes crosses. Oblong-russet 
tubers may still  be important then but probably resistance to  diseases, pests and stresses, 
combined with good productivity, handling, storability, quality, nutritional and processing 
characteristics will be even more important to  our U. S. potato industry. By that time con- 
sumer wants in Pacific-Rim and South and Central American countries will possibly be very 
important to potato producers, shippers and processors in the Northwest. It is difficult for  a 
breeder to discipline himself to look beyond the fads of the present and make crosses that will 
serve the needs of the industry in the distant future, when the products of his crosses will he 
released for use. 

Resistance to Diseases, Pests  and Stresses Becoming More Important 

We a r e  concentrating on breeding for  the disease, pest and s t r ess  resistance that 
is becoming critically needed by the present potato industry and will undoubtedly become even 
more important in the future. An important reason why Russet Burbank has continued to  grow 
in importance, in spite of all i t ' s  weaknesses, is because of availability in the Northwest of 
relatively cheap water, power and fertilizers and the continual opening of new irrigation pro- 
jects where Russet Burbank could be grown on soil containing low levels of potato pathogens. 
This made it possible to provide, at rather low cost, the high levels of irrigation and fertility 
needed by Russet Burbank, if it is to  produce the unusually high yields that a r e  possible he- 
cause of our long growing seasons, combined with minimal early dying from soil-borne di- 
seases. Recently, costs of production have greatly increased and yields have decreased. De- 
creasing yields have resulted f rom repeated potato cropping on fields with only short rotations 
with alternate crops. The resulting build up of soil-borne pathogens in these new irrigation 
projects, will continue to reduce yields of susceptible Russet Burbank. 

New, more virulent forms of diseases and pests a r e  also evolving which cause more 
severe damage and a r e  more difficult to  control. The Columhia root-knot nematode causes 
much worse symptoms on affected potato tubers than the northern root-knot with which growers 
have been acquainted. Many nematicide fumigants and crop rotation measures used commer- 
cially for  northern root-knot control a r e  not a s  effective for Columbia root-knot nematode. 
We have found that genetic resistance is available, s o  this would seem to  be the best solution 
to  this frightening problem. 

Deep-pitted and powdery scab diseases cause severe symptoms of the Russet Burbank 
variety, even though it has fa i r  resistance to common scab. Deep-pitted scab has recently 
made numerous 160-acre irrigation circles unusable for potato production in the Columhia 
Basin. There is no adequate control except genetic resistance. Powdery scab is moving into 
the Northwest _ and could cause severe losses unless resistant varieties a r e  developed . . -. 

New insecticide-resistant strains of Colorado potato beetle and fungicide-resistant 
strains of late blight a r e  being reported in other a reas  of the U. S. and the world. It is proh- 
able they and other pesticide-resistant pathogens and pests will eventually become problems in : 

the Northwest, Ever since the golden nematode was reported on Vancouver Island the spectre.  



of this pest spreading onto the mainland and causing i t s  devastating losses has kept the potato 
industry nervous. A l l  of these problems can be best controlled by incorporating available gen- 
etic resistance into varieties for the Northwest. 

MATERIALS AND METHODS 

Breeding for Disease, Pest  and S t r e s s  Resistance a t  P ros se r  

Our goal is to develop superior, multi-resistant breeding parents that can be used in 
c rosses  to produce improved, disease, pest and s t r e s s  resistant varieties for the Northwest 
potato industry. Though resistance to al l  problems that trouble Russet Burbank is available 
and there a r e  persuasive reasons for  initiating breeding efforts  t o  incorporate each of these r e -  
sistances into new varieties, limited funding, personnel, equipment and facilities force us to 
concentrate on a few and then t r y  to apply general selection pressures  for a s  many other r e s i s -  
tances a s  possible. At P rosse r ,  pr imary emphasis is being placed on resistance to the early- 
dying complex of diseases, mostly Verticillium wilt, the root-knot nematodes, especially the 
new Columbia species, leafroll virus (PLRV) and potato virus Y (PVY). Germ-plasm with re-  
sistance to these four has been collected f rom throughout the world and screened. The best 
sources of resistance to each a r e  being intercrossed to accumulate genes for resistance into 
lines that have as many other good characteristics as possible. General selection pressure is 
also directed toward resistance to other early-dying diseases, common and deep-pitted scab, 
Colorado potato beetle, stress-induced malformations, bruising, Sencor herbicide and the phy- 
siological disorders, hollow heart,  brown center and internal brown spot. Of course, attention 
must also be paid to all the other desired productivity, handling, storability, quality and pro- 
cessing characteristics. 

Identifying and Characterizing Resistance 

To identify the best sources of resistance t o  ear ly  dying, Columhia root-knot nematode, 
PLRV and PVY, hundreds of lines from many diverse sources have been planted in replicated 
t r ia l s  in four "nurseries", each specifically designed t o  provide maximum exposure to one of 
these diseases o r  pests. A fifth nursery has also been planted to provide severe exposure to 
common and deep-pitted scab and other early-dying diseases. These nurseries  do not receive 
fumigation o r  systemic insecticides and, for the most part, a r e  replanted in the same locations 
year  a f te r  year, to  promote maximum build up of soil-borne diseases and pests. In the PLRV 
and PVY nurseries  rows of diseased tubers  chronically-infected with PLRV and PVY a r e  inter-  
planted with the test  lines and large populations of the green-peach-aphid vector a r e  encouraged 
t o  build up in the fields to provide maximum exposure to virus diseases. Each plant in the PVY 
nursery i s  also inoculated by spraying PVY infected plant juice, mixed with carborundum, onto 
the foliage with a paint sprayer. 

A s  Colorado potato beetles move into the nurseries ,  they a r e  allowed to feed and lay 
eggs. After resulting nyphs emerge, leaves invested with nymphs a r e  removed from border  
rows and distributed t o  the first plant in each plot throughout the field. When feeding damage 
has become very evident, and the f i r s t  cycle of adults has burrowed into the ground under the 
plants t o  hibernate, notes a r e  taken on the damage t o  each line and excess beetles in the field 
a r e  killed with a low spray  concentration of Sevin insecticide. This spray  also eliminates many 
aphid predators while causing minimal killing of the desired aphids in the field. Later in the 
summer  this same process is repeated a s  the second cycle of beetles emerge and choose the 
potato lines on which they prefer  t o  feed and lay eggs. 

A l l  nurseries  a r e  sprayed with Sencor for  weed control, but also t o  identify and elirn- 
--------..----inate-any-~10ne~-which-are-sensitive-t0this-herbi~ide~:-~~-S~en~~~0r-f~~no~-~~m~m0n1~~~app1i~~~tKFo~gH 

center pivot sprinkler irrigation systems in commercial fields and a sensitive variety would not 
be acceptable. 

During the heat of the summer,  in late  July and ear ly  August, irrigation of all nurser -  
i e s  is discontinued for  2 to 3 weeks, until plants begin to wilt severely, then the water is turned 



back on and the field irrigated normally thereafter. This procedure helps to  eliminate clones 
which form second growths o r  other malformations and growth cracks due to water stress.  

During the growing season, plants in each plot a re  rated for current season symptoms 
of PLRV, PVY, Verticillium wilt, Sclerotinia wilt, early blight and powdery mildew, for the 
presence and feeding damage of CPB and spider mites, for Sencor response, plant size, and 
seedball set.  

At harvest the tubers in each plot a r e  rated for  1 2  important horticultural character- 
istics and for scab and nematode damage. Ten tubers in each plot a r e  cut open and rated for 
internal physiological disorders. Tubers a re  collected from promising resistant lines and 
evaluated for specific gravity, bruising, storability and French frying. Tuber samples f rom 
the PLRV and PVY nurseries a r e  winter indexed for virus content and those from the PLRV 
nursery examined for net necrosis. Tubers from these two nurseries a r e  also planted back in 
the field the following year and observed for chronic symptoms. By the time a line has gone 
through all these tes ts  and adversities we have a good measure of its potential capabilities a s  
a breeding parent. The better lines a r e  passed through the same tests  again the next year o r  
two to insure that their  resistances a r e  for  rea l  and that only the best will be retained. 

There a r e  a l l  degrees of resistance available to the four diseases and pests on which 
we a r e  concentrating and to most other resistance attributes. In each case, a judgment must 
be made a s  to  what level of resistance would be useful or  required for commercial production 
and is worth keeping. Resistance can range f rom very mild disease symptoms o r  a tendency 
to  escape infection o r  damage in commercial fields, through hidden, "tolerance"-type infec- 
tions, where the plant or  tuber is infected but shows no symptoms, o r  maybe hypersensitive- 
type reactions, where small  a reas  of tissue a r e  killed by infection but the res t  of the plant r e -  
mains healthy, on up to complete immunity, where the pathogen o r  pest is not present in o r  on 
the plants or  tubers. Immunity is usually preferred but is not often found, so  we usually have 
to  settle for some gradations of the other types of resistances. In our studies, all disease or  
pest responses a r e  rated on a 1 to 5 scale with 1 being very susceptible and 5 being very re-  
sistant. On this scale anything that rates above 3 is usually considered resistance enough to  
be useful in commercial production and is, therefore, worth keeping. 

Developing Clonal Disease Resistance Profiles 

The information collected on the plants and tubers from these nurseries makes it  pos- 
sible to  develop "profiles" of each clone showing i t s  strengths and weaknesses, both from the 
viewpoint of horticultural characteristics and disease, pest and s t r e s s  resistance. As a clone 
is further evaluated i t s  profile is altered to  include new information until it  bas been tested 
enough to  provide a high level of confidence in the performance of this clone with regards to  
any one characteristic. Because of the inconsistencies in performance that a r e  typical of po- 
tatoes when grown in different locations o r  years, it takes many tests  over several years be- 
fore complete confidence can be placed in a profile. 

RESULTS AND DISCUSSION 

Profiles of New Multi-Disease and Pest  Resistant Clones 

Although results a r e  only preliminary in most cases, we a r e  beginning to develop and 
identify a number of clones with resistance to not only one disease o r  pest, but several. Some 
of these clones a r e  close to  commercial type in horticultural characteristics and a r e  able to  
set  seedballs naturally, so  should be very useful a s  parents. Table 1 shows some of these 

multi~r.esistadgene~.p~a.c.k.ag.esI'I'that.t1~.~k..p~.~mi6ing..and..de~Seerveem~.~eeexte~Psi.~etpsti~gand.~~ 
evaluating a s  parents or  potential varieties for commercial production. 

In the case of resistance to  Verticillium wilt we found that complete resistance is not 
the best kind. Large green plants at the end of the season can be a nuisance to kill o r  handle 
in digging. Also, tubers under such a green plant usually do not have their skin firmly set, 



often have low specific gravity, and a r e  usually fragile and do not handle o r  store well. The 
ideal early-dying-resistant llne is one that receives a resistance rating between 3.5 and 4. 0, 
remains green until about two weeks before planned harvest and then dies naturally, maturing 
i t s  tubers in the process. 

Surprising Amount of Resistance Available to Columbia Root-Knot Nematode 

Three years ago a number of clones being screened for other attributes were also 
planted in an area  heavily-infested with nematodes, t o  determine i f  any had resistance to  the 
newly-discovered Columbia root-knot nematode. We were surprised to find several lines had 
none o r  very few tuber galls o r  discolored spots in the flesh, whereas Russet Burbank was 
severely damaged. These apparently-resistant lines were planted in the same nematode-infest- 
ed fields again in 1981 and 1982, along with large numbers of other untested lines. It is diffi- 
cult to provide uniform exposure to nematodes, so  a few apparently-resistant lines turned out 
to be susceptible escapes that did not fare well on further testing. However, several lines have 
shown good resistance in two or  three replicated tes ts  and we a r e  becoming increasingly con- 
fident that their resistance is of a level that could be very important to growers who a r e  troub- 
led by this nematode pest. Table 2 lists some lines that were judged a s  resistant in one of the 
three years and shows how they performed in other years. There a r e  examples of lines that 
looked resistant one year but susceptible the next, like Norgold M, Nooksack and A77236-6. but 
generally lines judged resistant one year tended to show resistance other years. In three cases 
(underlined) we found no galls or  spots two successive years. 

We have been surprised by the proportion of lines showing some resistance to  Colum- 
bia root-knot nematode. A s  shown in Table 3, about 50% of the lines tested had some res is -  
tance when compared with Russet Burbank and 7% to  9% of them showed no damage. This is 
much more resistance than we expected to find. 

Nematode Resistance Found in Progeny From Most Breeding Programs 

Germplasm has now been obtained from breeding programs throughout the U. S. and 
several other countries in the world and screened through our Columbia root-knot nematode 
nursery. Apparent resistance has been found in lines from almost every germplasm source. 
Listed in Table 4 a r e  lines that have shown promise s o  far. They will be included in future 
tests  to further identify the best sources of resistance. Ten tubers were saved from each plot 
of the lines with apparent resistance and they were hand peeled and thinly sliced, to check for  
the presence of discolored spots or  females in the tuber tissue. Russet Burbank averaged over 
40 spots and 4 femalesltuber and would have been unusable by commerce. Very few tubers of 
the resistant lines had any detectable spots, and those that did had so  few they would probably 
not have been noticed by a consumer o r  processor. 

A test  conducted in 1981, to  determine if apparent resistance of some lines to tuber 
infection by Columbia root-knot nematode would have any relationship to  build up of this nema- 
tode in the root rhizosphere. Resistant lines, along with Russet Burbank a s  a susceptible check, 
were planted in greenhouse pots and a known number of nematodes added to each of five pots of 
each line. After several  months nematode and egg counts were made on soil samples from each 
pot. Russet Burbank averaged an estimated 470,000 nematodes plus eggslpot at  the time of 
sampling. The rhizospheres of resistant lines all had significantly smaller populations than 
Russet Burbank but the best line, NDA9249-3, s t i l l  had an estimated 57,000 nematode plus 
eggslpot, much more than enough to cause severe tuber damage on a susceptible line. There- 
fore, the nematode resistance of these lines must involve other mechanisms in addition to  re-  
duced nematode reproduction. Much more needs to be learned about the nature and degree of 

~this~apparent~nemato~ddeer~eesieStta~CCe~--H~ow~e."~r;-it-a-~p-~~r~t~~t-.~ffi~i-6~t--Fe-~i-~-f~n-~~-~~zv-~il-i~l-~-- 

in commercial-type lines to be very valuable a s  the Columbia root-knot nematode spreads and 
becomes a serious deterrent to  potato production in the Northwest. 
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Table 2. Consistency of reaction of a number of potato lines to Columhia root-knot nematode 
in a nursery where exposure was very severe. 

Line 1980 1981 1982 

Norgold 
Norgold M 
Nooksack 
Wn720-50 
770s-39 
78Ds-32 
79Ds500-15 
A69657-4 
AD7267-1 
A75188-3 
ADW75201-12 
A77236-6 
A77236-13 
A77532-8 
TXA582-1 
581-3 
ND14-1 
hTD34-2 
NDD47-1 
ND722-2 
NDA848-3 
Neb 169-69-1 
Neb A21970-3 

Nematode r e s i s t a n c e  r a t ed  on 1 t o  5 s c a l e  wi th  1 = ve ry  suscep t ib l e  
(more than 9 g a l l s l t u b e r )  and 5 = very r e s i s t a n t  (no g a l l s ) .  

Table 3. Proportion of new potato test lines expressing some resistance to Columhia root- 
knot nematode. 

No. l i n e s  Ave. Rating - 11 
Year t e s t e d  5 4 t o  4.9 3 t o  3.9 Tota l  

L' The r e s i s t ance  of t ube r s  to nematode i n f ec t i on  was r a t ed  on a 1 t o  5 
s c a l e  with 1 = very suscep t ib l e  (>9  g a l l s l t u b e r )  and 5 - no g a l l s .  A 
r a t i n g  of 4 was assigned when 1 t o  3 g a l l s l t u b e r  were present  and e 
r a t i n g  of 3 w i th  4 t o  6 g a l l s l t u b e r .  

~ 
- 

- Number and percent ( ) of l i n e s  which had an average nematode 
r e s i s t ance  r a t i n g  i n  t h i s  range. 



Table 4. Lines that have shown resistance to Columbia root-knot nematode in tests conducted 
under severe exposure over a 3-yr period. 
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