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THE POTATO I N  STORAGE 

R. L. Sawyer 
P ro fes so r ,  Cornell University 

In any coverage of this topic, there  a r e  a few bas ic  fundamentals 
which should be declared. F i rs t , the  potato i s  living in  storage; i t  has 
the ability to manufacture new skin in wounded a r e a s  i f  the right en- 
vironment i s  provided; it r e sp i r e s ;  there  i s  a constant natural  attempt 
f o r  equilibrium to become established between the potato and the en - 
vironment around it ,  thus i t  i s  affected by temperature,  humidity and 
rot  organisms.  

TEMPERATURE 

What effect does t e m  e ra tu re  have on the potato in storage? The 
potato f r eezes  around 28 F. Chilling injury and  discoloration can be 
encountered a t  tempera tures  a s  high a s  34OF i f  kept a t  these tempera-  
tu res  long enough. At temperatures  under 35O to 36OF, the carbohy- 
dra tes  in the potato change to a f o r m  which give a sweet flavor,  
undesirable to some consumers.  Most va r i e t i e s  of potatoes s t a r t  to 
accumulate sugars  which affect deep fat  frying operations a t  temper-  
a tu res  under 5 0 O ~  and tend to lose these suga r s  a t  temperatures  above 
5 5 O ~ .  These f igures  wil l  v a r y  somewhat, dependent on the variety,  
the location and the season. As the tempera ture  i s  i nc reased  above 
40°F, there i s  a marked  i n c r e a s e i n  speed of multiplication of ro t  
organisms,  resp i ra t ion  r i s e s  sharply,  and t ranspirat ion potential i s  
increased.  Thus, unless  there  i s  some specific quality reason such 
a s  processing color which requi res  a higher tempera ture ,  the potato 
can best  be kept for  long periods at tempera tures  around 4 0 ' ~ ~  

HUMIDITY 

The grea tes t  p a r t  of the potato i s  water .  Consequently, f o r  pract i -  
ca l  purposes we can say that the inside of the potato i s  10070 relative 
humidity. We could a l so  expect that whenever the a i r  surrounding the 
potato i s  l e s s  than 100% relative humidity, there  would be  a constant 
a tempt  for  the two to establ ish equilibrium and thus the potato could be 
expected to constantly be losing water  i n  d r y  s torage  a reas .  The loss  
i s  not a s  grea t  a s  i t  might  appear to be expected, however, because of 
severa l  reasons.  F i r s t  i s  the excellent mois ture  b a r r i e r  provided by 
a wel l-matured skin of a potato; second i s  the fact  that the sa l t s  i n  the 
water  of the potato prevent loss  of mois ture  until the outside humidity 
i s  down around 90% instead of 10070 . This will  v a r y  slightly with 
var iety and the cul tural  and climatic conditions which m a y  affect the 
concentration of the cel l  sap. F o r  pract ical  s torage purposes we can 
expect that whenever the humidity in  s torage  i s  a t  88% o r  higher,  the 
mois ture  loss  f r o m  the potato will  only be f r o m  normal  life p rocesses  
and not f r o m  equilibrium establishment due to vapor p r e s s u r e  differ- 
ences. In  general,  the s torage ro t  organisms have the mos t  favorable 



growth environment under high humidity conditions. There i s  some 
indication that humidity conditions which leave the surface of the 
potatoes wet fo r  a prolonged period a r e  detrimental to good color of 
certain types of potato processing. 

The Effec t  of Storage Environment on Important Storage Defects 

1) STORAGE ROT ORGANISMS: 

In  general,  the higher the temperature and the higher the humidity, 
the f a s t e r  the incidence of infection and growth of the common s to r -  
age ro t  organisms,  a s  indicated in  the previous discussion on tempera-  
ture  and humidity. 

2 )  SPROUTING: 

This i s  c lear ly  a s torage defect i f  i t  takes place in  storage. Sprout 
growth a t  tempera tures  of 4 0 ' ~  and lower i s  v e r y  slow. Areas  which 
can obtain 4 0 O ~  quickly a f te r  the wound healing period may  be able to 
control sprouting in  s torage by tempera ture  control alone. Whenever 

0 
climate does not allow quick cooling to 40 F o r  whenever potatoes mus t  
be held fo r  any length a t  tempera tures  higher than 40°F due to pro- 
cessing color problems,  sprout inhibitors should be used  to control 
this defect. I f  potatoes have been held a t  40°F and sprouting thus 
controlled in  s torage,  if in the market ing  p rogram they a r e  shipped 
long distances and held in  t rans i t  and s to re  conditions a t  higher temp- 
e ra tu res ,  inhibitors should be used to control sprouting in  marke t  
channels. 

3 )  BLACK SPOT: ( P r e s s u r e  Bruise)  

This has  been one of the m o s t  se r ious  defects i n  s torage a r e a s  
such a s  Long Is land fo r  many years .  As temperature requirements  
in  s torage were  r a i sed  with no humidity adjustments ,  this defect has  
been recognized in  every ma jo r  a rea .  The only control for  this de- 
fect in  s torage i s  to keep the potato firm by controlling shrinkage and 
mois ture  loss .  This requi res  proper  management of a i r  movement, 
humidity adjustment,  sprout control, and cul tural  techniques during 
the growing and storing periods which m a y  affect tuber f i r m n e s s  and 
skin development. 

With a l l  t h ree  important var ie t ies ,  Katahdin, Kennebec and Russet  
Burbank, r e s e a r c h  has  clear ly indicated complete control of black 
spot f r o m  an October to June s torage,  if shrinkage was controlled. 
The four s torage variables  which m u s t  be adjusted to control shr ink-  

period and use  an  inhibitor. Then a f t e r  cold tempera tures  a r e  
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available,  cool on down a s  c lose  to 4 0 ' ~  a s  possible without impair ing 
quality. A considerable  amount of a i r  can be moved without shrinkage 
of the potato if the humidity of the a i r  c an  be maintained a t  levels 
about 85 to 88%. With the a i r  neces sa ry  f o r  cooling, however, in  
a r e a s  like Long Island,  t he re  i s  no equipment present ly  available 
which will adequately humidify the  a i r .  The  d e s i r e d  t empera tu re  
m u s t  be sacr i f iced  i n  o r d e r  to control  shr inkage fo r  the ea r ly  cooling 
period. 

Although black spot had been the m o s t  s e r ious  skoxage d i sorder  fo r  
many y e a r s  and  a m a j o r  r e s e a r c h  pro jec t  fo r  over  twenty years  with 
s eve ra l  M a s t e r s  and Doctorate t he se s  wr i t t en  on the s u b ~ e c t ,  the 
r e su l t s  on controlling black spot by controll ing shr inkage have been 
s o  conclusive that  the project  was  c losed out l a s t  year .  The re  i s  a 
continuing s to rage  r e s e a r c h  p rog ram to bes t  produce the environment 
which will e l iminate  black spot. New v a r i e t i e s  and cu l tu ra l  techniques 
will  continue to be  s c r eened  fo r  their  effect  on black spot. 

In  o r d e r  to have black spot, the tuber m u s t  have the chemical  
potential,  the physical  susceptibil i ty,  and a mechanical  t r igger ing of 
the reaction.  A firm potato i s  not physically susceptible and thus a 
b ru i se  will  not produce the chemica l  react ion.  

MANAGING A STORAGE ENVIRONMENT 

An idea l  s t o r age  environment cannot take the  place of poor cul tural  
p rac t ices  o r  poor harvest ing and  s tor ing p rac t i ce s  which leave a potato 
v e r y  susceptible to r o t  o rgan i sms  and m o i s t u r e  l o s s  once i t  i s  i n  s t o r -  
age. At l e a s t  50% of the prob lems  i n  s to r age  a r e  normal ly  brought i n  
f r o m  the field, A good a i r  distr ibution s y s t e m  i s  of l i t t l e  value i n  a 
pile of potatoes with a lo t  of dirt .  None of the  unders ized,  unsaleable 
potatoes and t r a s h  should go into s to rage .  

The t empera tu re  of a given a r e a  will  indicate  the e a r l y  s to rage  
management.  Make s u r e  potatoes a r e  c u r e d  to give a good skin, s ince 
this  skin  i s  going to de te rmine  markedly  the  abi l i ty  of the potato to 
l o se  wa te r  ove r  the whole s to r age  period. Bes t  cur ing is obtained by 
holding a t  t empera tu re s  of 60 to 6 5 ' ~  fo r  seven to ten days with high 
humidity and good ventilation. If t he re  i s  r o t  going into  s to rage  br ing 
the t empera tu re  down to the low 50 ' s  and u s e  a longer  cur ing period. 
Once cur ing i s  over ,  cool a s  rapidly a s  possible  to the  d e s i r e d  hold- 
ing t empera tu re ,  taking in to  considerat ion the  bas i c  t empera tu re ,  
humidity pa t te rn  of your  a r e a  and adjusting accordingly to keep shr ink-  
age a t  a minimum. Once the holding t empera tu re  has  been reached,  
move no m o r e  a i r  than n e c e s s a r y  f o r  maintaining t empera tu re .  

The amount of a i r  r e c o m m e  
- s torage  a r e a s .  T 

Regard less  of the  a r e a ,  however,  cooling is  only one of the f ac to r s  
which should be cons idered  i n  determing a i r  ra te .  A i r  sy s t ems  can 
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provide excellent insurance for  containing s torage rots  which even the 
bes t  s torage manager  frequently encounters.  An a i r  ra te  which may 
be completely adequate for  cooling i n  a cold productioa a r e a  may  be 
insufficient fo r  containing ro t  organisms,  particularly if held a t  pro- 
cessing temperatures .  The lower the humidity of the a rea ,  the lower 
the a i r  ra te  required to dry out a rot  problem. 

On Long Island, .8CFM per  CWT. i s  the level recommended for  
ventilation. We want this amount of air available for  rapid cooling; 
a lso we know this level will contain a l l  of our ser ious ro t  organisms. 
Because the sys tems a r e  designed for  this level does not mean that 
these levels a r e  recommended a t  a l l  t imes.  The basic  philosophy 
should be - -  move as  little a i r  a s  possible to get the desired tempera-  
ture  and maintain i t .  The interaction of a i r  and humidity i s  ve ry  
important. If the humidity can be kept high, la rge  amounts of a i r  a r e  
not harmful.  If  humidities a r e  v e r y  low, ve ry  l i t t le a i r  movement can 
be  harmful.  Thus, i t  i s  v e r y  difficult and dangerous f o r  you a s  an 
a r e a  to take the information f r o m  one a r e a ,  be i t  Maine, New York 
o r  Idaho, and apply i t  to your a r e a  unless  you understand the bas ic  
p r i n c i p l e s  involved, and recognize the tlifferences in  climates.  

When a r o t  problem develops i n  s torage,  follow the following rules:  

( a )  bring the tempera ture  a s  f a r  down a s  possible without f reezing 
injury o r  cold temperature discoloration; 

(b) continuously move the a i r  through the pile to keep the rot  contained 
to the individual potatoes breaking down; 

( c )  temporari ly  forget about the harmful  effects of dehydration; 

(d) move potatoes a s  fas t  a s  possible into marke t  channels; 
( e )  i f  the s torage i s  being held a t  chipping tempera tures  with heat 

available, w a r m  up cold a i r  to inc rease  i t s  water  holding capacity, 
bring the a i r  through the pile and then exhaust i t ;  

( f )  af ter  ro t  i s  contained, resume normal  s torage procedures  and 
pract ices .  

The s a m e  general  principles hold t rue  for  chipping stock, however 
minimum tempera tures  should be around 5 0 O ~ .  Temperature should 
be  adjusted a s  low a s  possible without suga r s  accumulating past  the 
point that they cannot be cured out, i n  two to four week period. 

POTATO SPROUT INHIBITORS 

Sprout inhibitors in  the past  five y e a r s  have become a pa r t  of 
sound s torage management for a lmos t  every  area .  They a r e  no longer 
l imited to the processor  and the w a r m  a r e a s  of production and s torage.  
As the necessi ty  and use has  developed, so  a l so  have new and be t te r  
techniques been developed. Some of the inhibitors which were  avail-  
able ten y e a r s  ago a r e  no lon 

F i r s t  le t  u s  consider those ma te r i a l s  which a r e  presently available 
and how they should be used  for  a s torage  application. There  a r e  th ree  
methods present ly cleared fo r  use  with tolerances e s t ab l i shed-  Maleic 



Hydrazide,  Chloro IPC  and i r rad ia t ion ,  l i s ted  according to the o r d e r  
of t i m e  that  they became available fo r  commerc i a l  use .  A fourth m a -  
te r ia l ,  Fusa rex ,  h a s  been available f o r  many y e a r s  and i s  present ly  
awaiting the es tabl ishment  of a permanent  tolerance.  

Maleip Hydrazide 
L 

This  m a t e r i a l  has  been a round  fo r  many  yea r s .  Some a r e a s  a r e  
s t i l l  l ea rn ing  of i t s  l imitations and how and when to proper ly  apply i t .  
I t  i s  applied to growing foliage. The foliage m u s t  be actively t r a n s -  
locating to the tubers .  The foliage m u s t  b e  relat ively s imi l a r  i n  a l l  
plants. If an  uneven come-up, ver t i c i l l ium wilt and other  d i s ea se s  
have caused  uneven plant development i n  a field, i t  i s  impossible  to get 
a good thorough application to e v e r y  tuber.  Wherever  t he re  a r e  
s to r ages  with poor a i r  d is t r ibut ion MH i s  the only m a t e r i a l  p resen t ly  
avai lable  fo r  use .  The l a rges t  proport ion of s to rages  by f a r  i n  the 
United S ta tes  today a r e  only sa t i s fac tory  f o r  a m a t e r i a l  like Maleic  
Hydrazide.  

Chloro I P C  (Sprout Nip) 

CIFC (Sprout Nip) has  s teadi ly  gained i n  acceptance and u s e  through- 
out the  potato s to rage  world,  Some count r ies  a r e  s t i l l  not recommending 
i t s  p rope r  use .  The ea r ly  prob lems  of application have been recognized 
and adjustments  made.  Although the re  a r e  s t i l l  people t rying to prove 
and disprove the  relat ionship of CIPC to i n t e rna l  sprouting,  r e s u l t s  
c l ea r ly  indicate that  CIPC, applied a t  a sufficient  dosage i n  s to r ages  
with good a i r  distr ibution,  will  control  both ex te rna l  and in te rna l  
sprou ts .  Now that  the prob lem of i n t e rna l  sprouting h a s  been recog-  
nized,  some  of the wor s t  p rob l ems  i n  recen t  y e a r s  have been observed  
i n  s to r ages  holding a t  p rocess ing  t e m p e r a t u r e s  where  no inhibitor was  
u s e d  o r  e v e r  had been i n  the building. 

Es sen t i a l  f o r  good s to rage  t r ea tmen t  a r e  1 )  good a i r  distr ibution,  
2 )  re la t ively  tight s t o r ages  s o  tha t  the g a s e s  will  r ema in  ins ide  during 
t r ea tmen t  and during the  48 h o u r s  o r  longer  the f ans  a r e  shut  off a f t e r  
t rea tment ,  and 3 )  prope r  t iming of application ( a s  soon a f t e r  wound 
healing a s  possible,  and s to rage  t e m p e r a t u r e s  have been  brought down 
to 55OF o r  under) .  The higher  the  t empera tu re ,  the  t ighter  the  s to r age  
m u s t  be  i n  o r d e r  to not l o se  too much  of the  chemica l  before  the  chem-  
i c a l  h a s  effectively stopped the growth ce l l s  f r o m  dividing. 

T rea tmen t  should be made  to potatoes with wel l  suber ized  skins.  
The s a m e  physiological m e c h a n i s m  i s  involved i n  wound p e r i d e r m  
format ion  a s  with growing sprouts .  If you s top one, you a l s o  stop the 
other .  

T h e r e  is a dust  
t ube r s  with care fu l  handling a r e  moved f r o m  one s to rage  to another ,  
f o r  long t e r m  holding. The re  i s  a l so  a n  emuls i f iable  fo rmula t ion  which 
can be u s e d  to t r e a t  potatoes i n  a grading operat ion to control  sprouting 



i n  marke t  channels. This method i s  v e r y  effective in  a r e a s  with old 
s torage  facil i t ies which can, however, keep potatoes a t  ve ry  low s tor -  
age tempera tures  until they a r e  packed and on the way to marke t .  

I r radiat ion 

Despite the grandiose claims by glamour r e s e a r c h  people; despite 
the work presently being done in  some  a r e a s  which is repetition of 
work done over ten yea r s  ago; despite the p r e s s u r e  of cer ta in  govern- 
ment  organizations along with equipment people to promote this method, 
no one has  come up with any solution to the deleterious quality prob- 
l e m s  caused by i r radiat ion.  The potato industry cannot afford to 
consider any pract ice  which i s  detr imental  to quality, par t icular ly  
when potatoes have such a wide range of competitive products. I r r ad i -  
ation a t  levels necessa ry  for  sprout  control have effectively inc reased  
after-cooking darkening i n  cooked potatoes and increased  black spot 
i n  the uncooked tuber. Maybe the day will come when these quality 
problems will have been solved. Until they have been solved, i n  my  
opinion, there  i s  no place for  i r rad ia t ion  in  the sprout  inhibition f ie ld  
despite i t s  very  potent sprout  control ability. 

T e t r a  Chloro Nitro Benzene (Fusa rex )  

T e t r a  chloro n i t ro  benzene (Fusa rex )  i s  the only inhibitor that can 
be applied to potatoes going into s torage.  I t  is a relatively weak in- 
hibitor and consequently does not markedly  impai r  wound p e r i d e r m  
formation with this type of application. Since i t  i s  a weak inhibitor,  
i t  i s  not sat isfactory a t  high s torage  t empera tu res  and c a r e  m u s t  be 
taken to not ventilate any m o r e  than necessa ry  for  t empera tu re  ad-  
justment. One can expect sprouting on the per iphery of a pile where  
the volati l ized product does not build up sufficient concentration f o r  
sprout  inhibition. This  can be compensated for commercial ly  by 
placing a higher concentration of dust  over  the sur face  of the pile. 

What can sprout  inhibitors do for  you and your market ing program? 
The potato industry m u s t  recognize tha t  the public wants  quality. Las t  
y e a r  during the v e r y  high p r i ce  period, there  w e r e  fewcompla in ts  
about pr ice  but there  w e r e  many loud complaints about quality, and 
rightly so. A sprout  inhibitor can help maintain quality in  s torage ,  
spreading out the market ing period, controlling quality i n  m a r k e t  
channels. A sprout  inhibitor does m o r e  than control sprouting. 
Sprouting leads to inc reased  moi s tu re  lo s s  and shrinkage. This  mois t -  
u r e  lo s s  and shrinkage.may lead  to p r e s s u r e  b ru i se  and black spot. 
All of these  a r e  v e r y  impor tan t  to you a s  growers .  They a r e  ve ry  
important  to the consumer  who m u s t  be presented  with quality potatoes, 
in te rna l  and external ,  raw and af ter  cooking so that the consumer  will  
not tu rn  to corn - .~ ~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~.~~ ~~~ ~~ ~~~~~ 




