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During the past  20 years there has been increased discussion about the  black- 
spot problem i n  potato tubers. I n  most instances the name sblackspot9 i s  qui te  
descriptive of the malady. The name emphasizes the  major symptom of the malady, 
but i f  it were named " internal  bruise" it would f i t  the s i tua t ion  bet ter ,  be- 
cause a l l  cases of d i f fe ren t  degrees of discoloration would be covered, and i n  
addition, emphasis would be given t o  the  basic  cause: a bruising force hard 
enough t o  in jure  l iving potato c e l l s ,  That a bruise i s  necessary has been 
known from the time of the first studies which were reported i n  1512. But the  
problem was not solved because it was soon discovered tha t  it required a bruise 
plus something else ,  since not a l l  tubers which were bruised developed black 
spots. 

From 1912 u n t i l  1957, studies were conducted i n  an attempt t o  discover the fac- 
t o r  o r  fac tors  responsible f o r  making tubers  susceptible t o  i n t e rna l  bruising, 
( t o  be referred t o  a s  STIB), Many f ac to r s  were found t o  decrease the sever i ty  
of STIB, but a l l  fac tors  discovered exerted a modifflng and not a controll ing 
e f fec t ,  A t  times a given treatment might increase the STIB and under d i f fe ren t  
conditions t he  STIB might be decreased by t h e  same treatment. 

I n  1957 it was learned t h a t  STIB was a r e l a t i v e l y  eas i ly  revers ible  condition 
i n  t h e  laboratory and t h a t  the  discolorat ion observed depended upon the turgor 
pressure (plumpness) of the  c e l l s  a t  t he  time the bruise was in f l i c t ed ,  Turgor 
pressureg ivesa  c e l l  i t s  mechanical s t rength much l i k e  the a i r  i n  a t i r e  sup- 
por t s  the  weight of the car. 

In  1958 it was discovered t h a t  l i v e  potato p lan ts  actual ly  withdrew water from 
the tubers i f  insuff ic ient  water t o  meet t he  needs of t ranspirat ion could be 
gotten from the s o i l  by the  roo ts ,  This i s  similar t o  the  s i tua t ion  known f o r  
many years when leaves of f r u i t  t r e e s  draw water from the f r u i t  under condi- 
t ions  of a moisture shortage. The blackspot problem was accentuated by a 
grower pract ice  re la ted t o  t h i s  kind of phenomenon. Pr ior  t o  1558 it was a 
common practice f o r  potato growers t o  stop i r r i ga t ion  t o  nset 'l  the skins of 
the tubers t o  meet maturity regulations and thus be able t o  harvest sooner and 
take advantage of more favorable prices.  It was not real ized t h a t  when the 
water i n  t h e  s o i l  was gone the vines continued t o  l i v e  for  a while by drawing 
water from the tubers, thus making them STIB. 

I n  1959 it was learned tha t  roo t  diseases can be and probably a r e  responsible 
f o r  STIB under a number of conditions, Tubers from a f i e l d  where p lan ts  had 
green immature looking vines where the s o i l  was wet were turning black when 
bruised, Vines were pulled and it was found tha t  many of the roo ts  were dead 
and non-functional even though there  was no sign of wil t ing i n  t he  leaves. 

To determine whether roots  ac tua l ly  could be involved, a t e s t  was conducted 
i n  an experiment where the e f f e c t  of wet and dry s o i l  on STIB was under study. 
The s o i l  was removed careful ly  from around the roots  and tubers of a number of 
plants,  A l l  roots  except about three or  four a t  the  bottoms of the  stems then 
were cut  o f f  and the tubers were careful ly  re-covered with s o i l .  About 18 



hours l a t e r  the leaves on the plants  growing i n  t he  low s o i l  moisture p lo t s  
were showing signs of wilt ing.  The tubers again were uncovered and each tuber 
was marked and bruised near the  stem end while the tubers were s t i l l  attached 
t o  the plant. The following morning the  bruised spots were peeled and every 
spot on every tuber on every plant  growing i n  the low s o i l  moisture plot  had 
a large brownish-black spot. Those s imilar ly  t reated but growing on the high 
moisture p lo t s  showed no evidence of having been bruised. One big question was 
st i l l  unanswered - were the tubers STIB before t he  t e s t  was begun? 

I n  1960 it was intended t o  emphasize root  pruning and s o i l  moisture studies, 
but i n  two f e r t i l i z e r  experiments those treatments which did not include pot- 
ash had developed a deep green color and the t i s sue  between the veins of the 
leaves was beginning t o  show small patches of dark brown dead t issue.  By t h i s  
time the  plants  were 100 days old. Within three weeks a f t e r  t he  potash defic- 
iency symptoms were observed the plants  were dead. Plants i n  those p lo t s  
which received a s  'Lit t le a s  one hundred pounds per acre of K20 were s t i l l g r e e n  
and showed none of the  gnnptoms observed on the no-potash plots .  After having 
seen actual  potash deficiency symptoms, r e l a t i ve ly  large a reas  and unnumbered 
small areas were found which displayed similar symptoms. That potash defic- 
iencies actual ly  were involved i s  supportedbysoil  and t i s sue  t e s t s  and y ie lds  

'response from applications of potash, 

Tubers dug from three potash def ic ient  areas were extremely STIB, but could be 
made nearly 100 per  cent r e s i s t an t  within 2h hours i n  the laboratory by rehy- 
dration. Root systems of these plants,  careful ly  washed out with a small j e t  
of water were observed t o  be poorly developed and t o  have a paucity of roo t  
hairs .  Well developed root  systems with plenty of root  hairs ,  necessary for  
absorption of both water and nutr ients ,  a r e  found where potash i s  not deficient, 
It would appear t ha t  one of the  primary functions of potash i s  t o  stimulate 
root  development. This would have a marked e f f ec t  upon the  maintenance of tur-  
gor i n  tubers where the plants  a r e  subjected t o  water s t r e s s  conditions. Pot- 
ash can a l so  a f fec t  the res is tance of tuber t i s sue  t o  l o s s  of water. When 
cores of t i s sue  cut  from tubers grown on def ic ient  and high-level potash s o i l s  
were subjected t o  desiccation i n  a s e r i e s  of concentrations of sucrose solu- 
t ion,  it was found t h a t  the tuber t i s sue  from the potash def ic ien t  s o i l s  
turned black quicker and developed a more intense pigmentation than cores cut  
from tubers grown with adequate potash. O f  a l l  the major and minor mineral 
elements believed t o  be e s sen t i a l  f o r  plant  growth, potash i s  the only one 
which has consistently reduced, but not eliminated, STIB i n  both the  United 
S ta t e s  and Europe. 

I n  1961, potash deficiency was def in i te ly  associated with the tendency of low- 
potash plants  t o  w i l t  and develop leaf  scorch on extremely hot days, with pre- 
mature dying of plants,  and with t he  tendency f o r  tubers t o  be STIB. Growers 
who know tha t  they have cut  areas might f i nd  it prof i table  t o  have a s o i l  
sample taken from those areas. Should the t e s t  be medium t o  low i n  phosphorus 
and/or potash, these areas could receive supplemental applications of those 
elements i n  addition t o  the  regular f e r t i l i z e r .  If there  a r e  many areas  i n  a 
f i e l d  where plants  tend t o  die  prematurely, a uniform application of 80 t o  160 
pounds per acre of P205; and 100 t o  150 pounds per acre of X20 along with nitro- 
gen probably would increase yield  and reduce STIB. There i s  some recent evi- 
dence tha t  on some crops (not potatoes),  low levels  of potash i n  t he  s o i l  are  
associated $th the sever i ty  of root  ro t s .  



Further evidence of the  close re la t ionship between water and STIB has come 
from an experiment where potato tubers were weighed i n  the f i e l d  while st i l l  
attached t o  the  plant and i n  growing condition. This experinent shows weight 
losses  during conditions of high temperature and low humidity and a l so  shows 
the e f f ec t  of a damaged root  system on the water supply t o  the  plant  and par- 
t i c u l a r l y  t o  potato tubers. 

I n  t h i s  experiment t he  tubers  of a healthy appearing h i l l  of potatoes with 
th ree  stems were careful ly  uncovered. The stems were securely t i e d  t o  stakes, 
and a balance was attached t o  each of the four tubers i n  the  h i l l .  Two stems 
each had a single tuber and the  th i rd  stem had two tubers,  I n  order to  get 
the  tubers t o  swing f r e e l y  it was necessary t o  remove a few of the  roots.  
However, most of the roo t s  were l e f t  v i r t ua l ly  undisturbed. After t he  set-  
up was complete, black p l a s t i c  was used t o  exclude l i g h t  and maintain a higher 
humidity around the tuber i n  t he  excavation than t h a t  of the a i r  outside. The 
tubers then were weighed periodically.  The s o i l  moisture was near f i e l d  capa- 
c i t y  a s  measured by "Irrometers." 

The tubers were excavated on August 22, and August 23 was an extremely hot 
day (102' F.) .  Three of t he  tubers l o s t  considerable weight t h i s  day, and it 
required several  days before they approached the i r  o r ig ina l  weight. The tuber 
c loses t  t o  t h e  t ranspir ing leaves, No. 1, l o s t  considerable weight, whereas 
the tuber only a few inches c loser  t o  the  roots,  No. 2 ,  l o s t  essen t ia l ly  no 
weight a f t e r  an i n i t i a l  l o s s  which was probably the r e s u l t  of disturbance dur- 
ing preparation f o r  weighing. The two tubers on the same stem responded very 
d i f fe ren t ly  t o  t ranspfrat ional  moisture s t r e s s ;  t h i s  f a c t  could be a clue a s  
t o  why tubers from the same h i l l  d i f f e r  so mafkedly i n  STIB. 

By September 6 both tubers No. 1 and No. 2 were larger than when the experi- 
ment was s tar ted on August 23. On September 6, a l l  the roo ts  on the  stem t o  
which tubers 1 and 2 were attached were cut  off ,  but the  tubers were l e f t  
attached t o  the  stems. Each tuber was marked and bruised near the  stem end a t  
12 o'clock noon. By noon of September 8, t he  leaves were dead and the  stem 
extremely wrinkled. Tuber No. 1 had l o s t  6 per cent of i t s  weight and tuber 
No. 2 which was lower on the stem had l o s t  3 per cent of i t s  weight. The tubers 
were marked again and bruised close t o  the  spots which were bruised on Septem- 
ber 6 .  Twenty-four hours a f t e r  bruising the bruised areas were peeled. Those 
areas bruised on September 6 when the  tubers were turgid were unaffected but 
a f t e r  t he  roots  were cu t  and the  tubers had l o s t  water they were completely 
susceptible t o  blackspot, 

The differences of 3 and 6 per cent may not seem large but it must be emphasized 
t h a t  3 per cent of a 400 gram tuber represents a l o s s  of 12 grams of water, 
(about the same a s  losing a ounce from a 1 pound tuber).  This came mostly from 
t h e  stem end, which became so f t ,  while the  bud end was s t i l l  hard t o  the touch. 
This observation suggests a reason why STIB usually i s  g rea tes t  a t  the  stem end. 
However, i n  storage, tubers a s  much a s  12 inches long have been found which were 
a s  susceptible a t  one end a s  a t  the  other. This i s  eas i ly  understandable, be- 
cause with time a moisture equilibrium may be established. 



High specif ic  gravity within a var ie ty  has been associated with STIB, but i n  
t h i s  t e s t  tuber No. 1 had a specif ic  gravi ty  of 1.078 and tuber No. 2 had a 
specific gravity of 1.071 and both tubers were about equally susceptible. It 
would appear tha t  STIB i s  not uniquely associated with specif ic  gravity, which 
is  i n  agreement with other measurements made i n  t h i s  laboratory on thousands 
of individual tubers. 

One addit ional f inding of importance r e l a t i v e  t o  temperature dependence of STIB 
may be pointed out from t h i s  experiment. When tubers are  removed from storage 
and warmed up they usually are  found t o  be l e s s  STIB than the cold tubers. I n  
t h i s  experiment the  tubers  were nearly a t  a i r  temperature i n  the f i e l d ,  which 
i n  t h i s  case was qui te  warm, y e t  the dehydrated tubers were highly STIB. 

These findings probably a r e  t he  bes t  explanation w w  i n  areas  of high summer 
temperature and low humidity, STIB i s  a f i e l d  problem, and why i n  Eastern and 
European areas where temperatures are  not a s  high and the  r e l a t i v e  humidity 
seldom goes below 60 per  cent, STIB i s  essen t ia l ly  a storage problem. However, 
STIB can be both a f i e l d  or a storage problem i n  any area i f  conditions are 
favorable t o  the l o s s  of moisture from the tubers. 




