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INTRODUCTION 

There a r e  about two million ac res  of silty, volcanic ash soils, which a r e  ideal 
for pota to  production in the  Columbia River drainage area.  About a million ac res  
a r e  being irrigated, the  other million awai t s  fu ture  development. Some of the  
million irrigated acres  a r e  irr igated by pumping water directly from the  Columbia 
and Snake Rivers. About 600,000 ac res  receive water from Grand Coulee Dam 
through a system of pumps, reservoirs and surface  canals. The potential for fu ture  
pota to  production in this a rea  seems  boundless. Prior t o  irrigation the  land was a 
deser t  with limited grazing and dry land farming and the  potential for producing 
food was limited. 

The early pota to  industry in the  Columbia Basin of Washington faced serious 
difficulties. Washington potatoes had become known in the  markets  as "Moses 
Lake Water Bags" tha t  will not ship, s to re  o r  process. The problem was identified 
a s  being "blackspot". 

The housewife didn't like the  black spots she saw when she peeled the  
pota toes  nor the  hard internal black lumps t h a t  were  present when the  potatoes 
were  baked. Processors didn't like Washington potatoes because of the  excessive 
paring waste  necessary t o  remove the  spots. For these  reasons Washington 
potatoes were  discriminated against. Blackspot is a non-pathological internal 
problem t h a t  cannot be seen until the  pota toes  a r e  peeled. The discoloration 
doesn't fully develop until about 24 hours a f t e r  handling. Because of t h e  delayed 
color development and i ts  internal occurrence susceptible tubers  could not be 
graded out  prior t o  shipment. Storing the  pota toes  for 24 hours prior t o  inspection 
was not feasible. Seemingly good potatoes were  of ten shipped or placed in s torage 
only t o  be rejected la ter  or t o  have the  price reduced when they arrived at 
destination. Consequently the  growers not only suffered a loss of revenue from 
their  potatoes but in cases, they also lost t h e  cost  of transportation. The fu tu re  
development of the  Columbia Basin pota to  industry was in jeopardy. 

Some farsighted individuals had s ta r t ed  t o  organize and t o  raise funds with 
which t o  promote Washington potatoes. In 1955 enabling legislation made i t  
possible t o  organize the  Washington S t a t e  Po ta to  Commission and by 1956 the  
Commission was requesting aid from Washington S t a t e  University and the  S t a t e  
Depar tment  of Agriculture in solving the  pota to  problems. 

This Presentation is part  of the  Proceedings of the  1986 Washington S t a t e  Po ta to  x 
Conference & Trade Fair. 



Prior Knowledge: 

Blackspot was first  reported from England in about 1913 and somewhat la ter  
from most of the  European Continent. It was reported from New York in about 
1941 and from Colorado in 1955. In these  areas  i t  was a problem in storage 
potatoes. In Washington i t  was a field and a storage problem. 

Studies in Europe and New York had linked blackspot in pota toes  t o  a 
potassium deficiency but Colorado and Washington soils were  reportedly high in 
potassium. Differences among wet  and dry years in Europe were  inconsistent and 
in addition a study in New York showed t h a t  irrigation increased tuber 
susceptibility t o  blackspot. There were  large  differences in blackspot susceptibility 
among varieties. High specific gravity tubers generally were  more  prone t o  
blackspot. But why should high specific gravity potatoes at t imes  be  susceptible t o  
blackspot and at other t imes resistant? Why should low specific gravity potatoes 
like the  White Rose variety at t imes  be susceptible t o  blackspot? Why does 
blackspot occur near the  basal end of a tuber?  These were some of the  questions 
fo r  which there  were no answers. At t h a t  t ime Washington shipped primarily 
summer and early fall harvested potatoes. Only a relatively few potatoes were 
stored for winter and spring shipment. Chipping was the  only processing t h a t  was 
done. 

It was well established in Europe and New York t h a t  a bruising force  was 
necessary t o  induce blackspot development in susceptible tubers. Both in Europe 
and New York devices were built t o  t e s t  tubers for blackspot. These devices 
imi ta ted the  kind of bruising t h a t  would occur during the  normal handling and 
packaging of potatoes. 

Intensive Research Begins: 

April of 1957 a series of pota to  grower, shipper and re la ted industry 
personnel meetings were held throughout t h e  Columbia Basin. At each of These 
meetings what was known about blackspot was presented and members of the  
audience were  given a n  opportunity t o  present and t o  discuss their  observations. 
Nothing was consistent. In addition, a cursory survey was made in the  storages for 
blackspot potatoes. Pota toes  with blackspot were easy t o  find. 

Cooperation from all  segments of the  pota to  industry and re la ted enterprises 
was provided as requested. Everyone wanted t o  help solve t h e  blackspot problem. 

Initially solving the  blackspot problem was the  primary objective but since 
s torage and processing were also par ts  of the  overall pota to  problem, d a t a  were 
collected on all aspects of pota to  growing, processing and storage. 

Field experiments provided d a t a  on yield, grade, specific gravity and internal 
tuber  defects.  Laboratory studies provided d a t a  on soil analysis, blackspot 
susceptibility of tubers, chip color, sugar content  of tubers and mineral e lement  
content  of to ta l  plants, petioles and tubers. Storage studies provided d a t a  t o  prove 
t h a t  Washington potatoes could b e  stored successfully. (For details  see 
"Understanding the  Potato.") 



While the  potatoes were  growing in t h e  field a bruiser similar in principle t o  
the  ones used in Europe and New York was built and used in the  Columbia Basin. 
It soon became evident tha t  1) occurrence of blackspot varied from location t o  
location, even within the  same field, 2) blackspot occurred a lmost  entirely around 
t h e  basal end of tubers, and, 3) large tubers were more  prone t o  blackspot than 
small ones. The observation tha t  the  large tubers had more  blackspot than small 
ones was enlightening because i t  suggested tha t  the  method of test ing might be  
suspect. Evidence obtained from the  remaining stored pota toes  indicated tha t  
large  and small potatoes were  both susceptible t o  blackspot. 

Large and small tubers do not s t r ike  a colliding object  with the  same force  
even when traveling the  same distance o r  a t  the  same speed. A device was 
designed, which eliminated the  e f f e c t  of tuber size. Four pert inent conclusions 
occurred in relatively rapid succession: 1) small tubers could be  as susceptible t o  
blackspot a s  large ones; 2) the  magnitude of t h e  bruising force  was very 
important; 3) the  results of studies wherein cultural pract ices  or cultivars 
resulted in different sized tubers were  suspect, and, 4) a thin pad of rubber 3/16 
of a n  inch thick would absorb the  energy of the  bruising force  and could reduce or 
even eliminate blackspot. Thus, a program of careful  handling and padding of al l  
equipment was begun. 

The degree of cooperation of all those concerned was outstanding. Officials 
from Grant  County supplied a grader t o  level land for a n  experiment,  a backhoe t o  
dig a trench and mix soils, t rucks t o  transport  soils from fields with differing 
blackspot histories and from land t h a t  had never produced potatoes. Soil from the  
Palouse was also included as a part  of the  study. The various soils were  allocated 
t o  300, 50 gallon oil barrels t h a t  were  submerged in a trench. Three methods of 
measuring the  soil moisture were  installed in each barrel. A multi tude of fert i l izer 
t r ea tments  were applied t o  the  respective soil types. It was a n  a t t e m p t  t o  
determine the  basic cause or causes of blackspot and t o  find a n  explanation for the  
various observations tha t  were  reported by farmers  a s  well as researchers. We 
wanted the  plants t o  live or die on the  contents  of the  barrels. 

Water was pumped from the  adjacent  canal. During the  experiment the  
pump failed a t  a cri t ical  t ime and before i t  could be  replaced the  plants were so  
severely depleted of water  t h a t  the  study was discontinued. Nine days a f t e r  the  
las t  irrigation the  plants on soils with low water  holding capaci ty  were  essentially 
dead. The plants had drawn water  from the  tubers until t h e  shrunken tubers were  
actually lying in cavit ies in the  soil. The apical  end of the  tubers was still  f irm t o  
the  touch but the  basal end was rubbery and resistant  t o  blackspot. The rubbery 
end was resistant  because the  energy of t h e  bruising fo rce  was dissipated by the  
flexibility of the  flesh which absorbed the  force  and no cel l  membranes were 
damaged. 

I t  had been suspected t h a t  the  blackspot problem was a s s o c i a d d  with soil 
moisture, but as i t  turned out, soil moisture was only indirectly responsible. It was 
t h e  moisture content  of the  tuber tha t  was the  influencing factor.  The importance 
of the  discovery of the  capability of the  vines t o  draw wate r  from the  tubers was 
not a t  f i rs t  comprehended. 



Later  studies demonstrated t h a t  the  movement of water  into or out  of tubers could 
relatively quickly cause  tubers t o  become blackspot susceptible or blackspot 
resistant  along with accompanying changes in tuber specific gravity. 

The turgidity e f f e c t  is  indeed insidious. If too  much water  is removed the  
flesh becomes rubbery and no blackspot occurs. If too  much water  IS added the  
flesh becomes crisp and sha t t e r s  when bruised but no blackspot occurs. The 
movement of water into and out  of tubers not only has a d i rect  e f f e c t  on blackspot 
and specific gravity but undetermined degrees of water  s t ress  can cause jelly end 
and sugar end tubers, and some evidence indicates i t  can even cause  other internal 
tuber  defects. 

It was reasoned t h a t  if loss of water  made pota to  tubers  susceptible t o  
blackspot the  condition should be reversible if t h e  water  lost  from the  potato 
tubers could be  restored. First  in the  laboratory and l a te r  in the  field i t  was 
possible t o  make blackspot susceptible tubers  resistant  and resistant  tubers 
susceptible by adding or withdrawing water. Tubers stored at low humidity became 
blackspot susceptible. Pressure bruises a r e  extremely sensitive t o  blackspot when 
bruised. The degree of sensitivity t o  blackspot was dependent upon amount of 
water  lost. In s torage the re  is no mechanism for  restoring water  lost, therefore,  
water  loss must be  prevented by maintaining a re la t ive  humidity at o r  above 95 
percent. Under these  conditions Washington pota toes  keep well in storage. 

It was customary in the  early days of growing pota toes  in the  Columbia 
Basin t o  s top  irrigation several weeks before harvest  t o  mature  the  skins 
sufficiently t o  pass maturi ty regulations. The matur i ty  regulations were based on 
t h e  degree of skinning. As a result the  tuber skins were  a beautiful color but the  
flesh was of ten very blackspot susceptible. In those days dense dust clouds 
sufficient t o  make i t  difficult for  people on the  harvester t o  breathe were a 
common occurrence. Maybe even worse is the  f a c t  t h a t  the  potatoes harvested 
from these hot air dry soils did not wound heal and in a week or so, when le f t  in 
a n  open shed where aeration was not a problem, would break down into a 
grey-black foul smelling water mass. 

This condition further contributed t o  the  belief t h a t  Washington potatoes 
"will not ship or store." Since their breakdown of ten  occurred a f t e r  the  potatoes 
were  in transit the  growers not only suffered a loss of revenue from their  potatoes 
they also were out  the  cost  of transportation. 

Wound healing is a cell  dividing process and if the  cells  a r e  not turgid no 
cell  division will occur. The injuries a r e  slow t o  heal and organisms multiply fas ter  
than wound periderm develops. To maintain tuber  turgor (crispness) i t  was 
recommended tha t  vine killing be used t o  mature  the  skins and t o  maintain soil 
moisture at about 50-60 percent of field capacity t o  minimize soil temperature.  
Turgor pressure (crispness) was seldom a problem when po ta to  tubers were at 
summer temperatures  or a t  leas t  above 45 F when handled. But, a t  colder 
temperatures,  shattering could be  a serious problem. The ideal condition of pota to  
tubers would be when they a r e  blackspot resistant ,  but will not crack when 
handled. 



The basic cause of blackspot is the  amount of damage done t o  the  protoplast by 
t h e  bruising force. Turgor pressure can be  a f fec ted  by many factors  such as soil 
moisture, storage humidity, potassium levels, nitrogen. levels, health of the  root 
system and loss of water  due t o  transpiration. All of these  factors  can also a f f e c t  
tuber specific gravity and the  subsequent acceptabil i ty for processing. 

Tubers with high specific gravity give the  highest recovery or processed 
product other things being equal. But high specific gravity can be obtained by two 
processes, namely tuber dehydrations and transfer of photosynthate from the  leaves 
t o  the  tubers. As a result of tuber dehydration they become blackspot susceptible 
and hence high specific gravity and high incidence of blackspot a r e  related. On 
the  other hand, tubers of high specific gravity a s  a result of r a p ~ d  photosynthesis 
and which a r e  turgid a r e  blackspot resistant and, in thls case, high s p e c l f ~ c  gravity 
and blackspot a re  unrelated. 

When water is withdrawn from pota to  tubers by the  vines i t  occurs f i rs t  and 
to' the  greates t  ex ten t  at the  basal end of the  tuber where i t  is a t tached t o  the  
vine. Water s t ress  at this point causes  a conversion of polysacharides t o  
monosacharides, notably glucose, which produces a dark color when fried. Thus 
tubers with high specific gravity a s  a result of water  loss do not produce f r ies  of 
uniform color nor acceptable  chips from the  basal end of Russet Burbank potatoes 
and in addition the  basal end of the  tuber can  be  blackspot susceptible. 

The causes of why Washington pota toes  were  considered "Moses Lake Water 
Bags" tha t  will not  ship, s to re  nor process a r e  evident. These were  
mismanagement of soil moisture in the  f ield and no provision for high humidity 
control in the  storages. 

Studies in Europe and New York had linked blackspot t o  a potassium 
deficiency, but the re  were exceptions. Blackspot prone tubers occurred on the  high 
potassium soils of Colorado and the  reportedly high potassium soils of Washington's 
Columbia Basin. It was possible by the  use of special experimental  designs t o  
demonstrate tha t  the re  was a general potassium deficiency in the  Columbia Basin. 
It was a general deficiency in the  sense t h a t  it occurred in the  c u t  spots in the  
fields that  had been leveled for rill irrigation. 

Potassium functions primarily in the  plant through i ts  e f f e c t  on the  water  
relations within the  plant by i t s  roll in opening and closing the  s tomata  in the  
leaves. If the  s tomata  a r e  closed only relatively small  amounts of water  a r e  
transpired from the  leaves. A deficit of moisture in the  plant causes the  s tomata  
t o  close thus reducing the  amount of t h e  wilting of leaves on a hot day. 
Unfortunately while the  s tomata  a r e  closed photosynthesis is  reduced or stopped 
because carbon dioxide from the  atmosphere cannot en te r  the  plant. The carbon 
dioxide is essential for the  production of carbohydrates during the  process of 
photosynthesis. If a water s t ress  develops in the  plant ce l l  division may s top and 
in addition the  tubers may be of a lower specific gravity because no dry m a t t e r  is 
being produced. 



One of t h e  symptoms of a potassium deficiency is the  early senescent and 
eventual  dea th  of t h e  plant. Uneven dying of plants in spots in a fieid causes 
problems of how t o  irr igate,  when t o  harves t  and wha t  t o  do with the  potatoes. 
The early dying of pota to  vines can, however, result  from a number of causes  o ther  
than a potassium deficiency. Root diseases a r e  one fac to r  t h a t  can hasten death. 
Soil fumigation can  enhance t h e  health of t h e  roots which can  a f f e c t  the  ability of 
t h e  plant t o  ge t  water  and nutrients. Of ten in ter re la ted  fac tors  a r e  operative and 
i t s  not easy t o  separa te  the  magnitude of e a c h  of t h e  fac to r s  responsible. Since 
many of t h e  soils in t h e  Columbia Basin were  leveled for rill irrigation they a r e  
very variable in relatively small areas. Some a reas  a r e  high in potassium supplying 
power whereas o thers  a r e  low. The same  is t rue  for phosphorus. The di f ferent  
a reas  also differed in the  amount of blackspot in the  tubers. 

In t h e  l a t e  f i f t ies  a yield of 15 tons per a c r e  was considered good. With low 
levels of nitrogen and phosphorus, plants remained small, t h e  potassium 
requirement was small and no potassium deficiency symptoms developed, excep t  on 
c u t  areas. As t h e  amount of nitrogen and phosphorus fer t i l izer  tha t  was used 
increased yields, s o  did t h e  need for  potassium increase. Currently a n  average yield 
of 25Tof pota toes  per a c r e  is being reached. A recen t  study of the  d a t a  obtained 
between 1964 and 1973 shows t h a t  in some  exper iments  a yield of 50T/a was 
obtained in a lmost  every year in a growing season of about 180 days. If c l ima te  is 
not the  limiting fac tor ,  then the cause  must  be  below t h e  soil surface. Some 
commercial  production of potatoes approaching 50T/A was reported during recen t  
years. 

A few of the  results  obtained from four exper iments  conducted in 1973 a r e  
presented in t h e  following tables: 

Table I .  Total  Yield of Russet Burbank Pota toes ,  nut r ients  applied as fer t i l izers  
and nutrients removed from t h e  soil in t h e  tubers. 

Tonsla Nutrients applied Nutrients in tubers 

The da ta  in Table I, emphasize t h e  importance  of t h e  nutr ient  supplying power of 
t h e  soil bank. The quanti t ies in t h e  tubers indicate  t h e  amounts of N-P-K removed 
f rom t h e  land. The amounts needed t o  ac tual ly  grow t h e  crop a r e  considerably 
higher. What was not applied in the  fer t i l izer  had t o  c o m e  f rom the  soil. Note 
t h e  differences between P applied and P removed, also t h e  differences between K 
applied and K removed. 



Table 2. Total yields, percent grades and specific gravity of Russet Burbank 
potato tubers in 1973. (Five highest yielding plots in each of four 
experiments.) 

Expt. No. 1 
Cwt/a % ' s  Sp. Gr. 
1050 68 1.088 
914 58 8 1 
862 55 93 
841 64 83 
803 - 53 86 

Mean 894 60 1.086 

Expt. No. 3 
Cwt/a % ' s  Sp. Gr. 

880 50 - - 75 
Mean 898 59 1.0z 

Expt. No. 2 
Cwt/a % ' s  Sp. Gr. 
1046 46 1.082 
1009 50 85 
941 47 75 
918 51 80 
897 9 - 82 

Mean 962 48 1.081 

Expt. No. 4 
Cwt/a % ' s  Sp. Gr. 
894 89 1.079 
870 76 74 
857 85 80 
828 84 79 
827 - 56 - 85 

Mean 855 84 1.079 

The data,  in Table 2, a r e  of special interest  because the  potatoes in the  four 
experiments were all grown under similar cl imatic conditions. The average 
differences among the four experiments in yield, grade and s p e c ~ f i c  gravity is 
striking. The average yields ranged from 855 t o  962 cwt, per acre,  t he  average 
grades ranged from 48 to  84 percent of IJ.S. No. I grade potatoes and the  average 
specific gravities ranged from 1.079 t o  1.086. The range in yield and quality of 
t he  tubers among the f ive  plots within the same experiment ranged a s  greatly a s  
the  differences ranged among the experiments. What was most astonishing was the  
f a c t  tha t  almost none of the  plots within an experiment received the  same 
fert i l izer treatment.  (See Table I). What is controlling the yield and quality of 
the  potatoes? The da t a  from two experiments indicates t ha t  the  climatic potential 
is about 50 ton per a c r e  or higher for the Russet Burbank variety in 180 days. 

These results a r e  primarily the  outcome of a series of experiments designed 
t o  "break the  yield barrier," t ha t  was conducted cooperatively with Chevron 
Chemical Company Ortho Division. (See "Understanding the  Potato" and past 
issues of t he  Moses Lake Potato  Conferences and Trade Fair for details.) 

Of all the cultural practices, providing adequate and timely water  is the  
most difficult t o  manage. The need for water  by the  plant is continuously 
changing, with changes in temperature,  wind, and size of the  plant. At one t ime i t  
was believed tha t  potato plants use soil moisture from depths of one t o  five feet .  
But actually water deeper than about one foo t  and at the most two f e e t  is of l i t t le  
value t o  the potato plant under the  high temperature,  low humidity conditions of 
t he  Columbia Basin. 



Most pota to  roots a r e  in t h e  top  foot  of soil and the  plant is dependent mostly for 
wa te r  in t h e  proximity of these  roots. In many places throughout t h e  Columbia 
Basin the re  a r e  thin soil layers t h a t  r e s t r i c t s  t h e  movement of water  by capillarity 
e i the r  upward or downward through t h e  soil. Roots tend t o  form on top of t h e  
layers where water and nutrients accumulate.  It is extremely important  t h a t  tuber 
growth never be allowed t o  s top and then be  s t a r t ed  again whether t h e  cause  be 
due t o  water  or  mineral nutrition. It is important  t o  have enough wa te r  t o  keep 
t h e  s tomata  open during t h e  h e a t  of t h e  day. But, too  much wa te r  leaches  soluble 
nutrients beyond the root  zone. 

Some changes in pota to  hilling a r e  needed if 50 ton per a c r e  of quality 
pota toes  a r e  t o  be  produced. Time of hilling and shape of ridges i s  cri t ical .  If 
hilling is  done too  l a t e  t h e  stolens a r e  pushed in to  a n  upward direction and t h e  
amount  of green-end tubers tend t o  be increased. If t h e  ridges a r e  high and 
narrow, pota to  tubers extend through t h e  sides o f t h e  ridge and green-end tubers 
result.  All t h e  hill t h a t  is needed is t o  provide a furrow deep enough t o  ca r ry  t h e  
wa te r  through t h e  field and t o  make a t r a c k  for t h e  harvesting equipment. The 
top  of t h e  seed piece should be  3;-4 inches below land level. 

Even with the  results  obtained t h e r e  were  those who doubted. However, 
many including Walt Gardner, Dawson Moodie, A1 Halvorson, Tom Russell and many 
representatives of commercial  companies were  willing t o  listen, study t h e  d a t a  and 
lend their expertise. There  was also a n  e f fec t ive  association with t h e  Extension 
Horticultural specialists, Don Bakes in t h e  ea r ly  years and Bob Thornton a f t e r  1967 
and t h e  Extension agents who served t h e  Columbia Basin po ta to  industry. 

Resume of pota to  progress over 25 years. 
1957 Situation: 

1. Moses Lake water-bags will neither ship, s to re  nor process because of 
blackspot. 

2. Average yield: about 15 T/A. 
3. Primarily a n  early t o  mid-summer c rop  because t h e  days were  considered t o  

be  too hot and t h e  daylight hours t o o  long for a cool season shor t  day crop 
like potatoes. 

4. The potatoes developed blackspot in storage. 

RESEARCH: Results and other  f ac to r s  t h a t  led t o  significant changes. 

I .  Blackspot was caused by a bruising f o r c e  sufficiently g r e a t  t o  rupture  cells. 
Padding of equipment and careful  handling was recommended. 

2. Potatoes  which had lost their  turger pressure e i ther  in t h e  field or in s torage 
were  especially prone t o  blackspot. Maintaining soil moisture in t h e  field 
and wett ing down storages prior t o  filling with pota toes  was  recommended t o  
prevent tuber weight loss and t o  reduce blackspot. 

3. Potassium deficiency was found t o  be widespread in c u t  a reas  of land causing 
blackspot susceptible tubers  t o  develop in those localized areas. Potassium 
applications were  recommended. 



4. Potatoes harvested from dry hot soils did not "wound-heal" but decayed into 
watery,  foul smelling, black decayed tubers if l e f t  in an open shed. 
Maintaining a moist soil and vine killing t o  hydrate the  tubers and t o  mature 
the  skins t o  meet maturity regulations was recommended. 

5. Irrigation practices needed t o  be changed., Moisture in the  second foot of 
soil moved t o  slowly t o  mee t  the  evaporative demands of the  plant on a hot 
day. Emphasis was placed on the  water  content of the  top foot of soil. 

6. The mineral element composition of a tuber is relatively constant. It was 
stressed tha t  the amount needed a s  fert i l izer depends upon the  intended da te  
of harvest and the residual amount in the  soil. 

7. Properly grown potatoes in the  Columbia Basin ship, store,  and process well 
and the  upper limits of production could reach 50 T/A. 

8. A potato  specialist was hired t o  disseminate available information and t o  
observe the e f fec t  of the  recommendations. 

Conclusions: 

The success of the  Columbia Basin potato industry is a testimonial t o  the  
success of the  cooperation among the  potato industry, the  Washington S t a t e  
University experiment and Extension services and related industries. 

Through research results and Extension education programs, grower ability 
and support both monetarily and technologically from the  potato  industry has 
overcome many of the  early problems. The concepts t ha t  solved these early 
problems a r e  now generally accepted practices. Though some potato industry 
problems still exist the future  success of the industry seems t o  be assured. 




