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Introduction: Mechanical injury of potatoes during harvest  i s  one of the mos t  important 
problems in the production of potatoes. Mechanical injury i s  basical ly  of two types, blackspot 
and shat ter  bruise.  The chemical reactions resul t ing in black-pigment development of !>lack- 
spot and shat ter  b ru i se  a r e  the same.  The type of damage resul t ing f rom impact depends on 
the condition of the potato tuber a t  the t ime of impact. Drawings of typical blackspot and sha t te r  
b ru i se  injuries a r e  presented in Fig. 1. An impact resu l t s  in a separation of l a rge  a r e a s  of 
cel ls  and discoloration of separated a r e a s  when potato tubers  a r e  very  turgid. If the potato 
tuber i s  flaccid an impact will r esu l t  in a crushing of cel ls  and hlackspot develops. Potato 
tubers  have been found to be relat ively res i s tan t  to both types of injury when the tuber i s  a t  the 
proper turgidity level. Two fac tors  play dominant ro les  in determining the tuber turgidity 
level. 

Temperature: Research conducted by Johnston (1) in Maine i l lustrates  the relat io~lship 
of soil  temperature  and incidence of sha t te r  bruise .  The ex t remes  of soi l  temperature  ei..countered 
a t  different t imes of day would be  l e s s  on cloudy days and nights than shown in Fig. 2, but would 
be grea te r  on c lear  days and nights. The minimum soil  t empera ture  and mos t  s eve re  sha t te r  
b ru i s e  occurred a t  8 A.M. while the highest soil  t empera ture  and l e a s t  s eve r e  b ru i se  occurred 
a t  5 P.M. 

Using this information and a cost  of 40C per  ton for  each percentage increase  in b ru i s e  
the loss  to the grower can be calculated. The l o s s  resul t ing f rom various 12 hour harvest  
periods during a day i s  presented in Table  1. 

A reduction of loss  due to b ru i se  damage presented can be expressed  a s  profit s ince 
harvest  speed was constant resul t ing in essent ia l ly  the s ame  cos t  of harves t  a t  a l l  periods of 
the day. 

Table 1. Cost of sha t te r  b ru i s e  damage resul t ing from different 12 hour  harves t  periods 
(cost calculated a t  4 0 ~ / t o n / %  bru ise ) .  

6AM - 6PM B r u ~ s e  8% 6AM - 6PM Brulse  12% 
Harvest  P e r ~ o d  20TlA 25TlA ZOTlA 25T/A 

11AM - l l P M  
Noon - Midnight 



A potato grower  ha rves t ing  f r o m  6AM - 6PM with a b r u i s e  damage  of 8% can m a k e  a profit  
of about $22.00 by shifting h i s  h a r v e s t  to l l A M  - 11PM. T h i s  prof i t  r e s u l t s  f r o m  a r e d u c t ~ n n  of  
b r u i s e  damage f r o m  8% to 5. 8%. When harvest ing f r o m  6AM - GPM r e s u l t s  in an  $120. OO/acre 
l o s s  (12% b r u i s e  25 /A) ,  a $46. OO/acre profit can be rea l i zed  by shift ing ha rves t  to l l A M  - 11PM. 

T h e  data  indlcate that  a l a r g e r  d l f ferance in b r u i s e  damage  m a y  resu l t  f r o m  shift ing the  
ha rves t  period when the 6AM - 6PM damage  is  g r e a t e r .  

Another s e r i e s  of exper imen t s  w e r e  conducted b y  Johnston and Wilson ( 2 )  t o  de te rmine  the  
influence of t empera tu re  on r e s i s t a n c e  to bruis ing of pota toes  ha rves ted  a t  d i f ferent  m a t u r i t i e s .  
~ h e 4 e i g h t  of drop of a 0. 6 pound m e t a l  weight required to rup tu re  the flesh inc reased  l i n e a r l y  
with increas ing tuber  t e m p e r a t u r e  (Fig.  3 )  . When e a r l y  and l a t e  h a r v e s t  w e r e  analysed sep-  
a r a t e l y  only 28-54% of the var ia t ion in b r u i s e  damage was  accounted f o r  b y  tuber  t empera tu re .  
If the two h a r v e s t  per iods  w e r e  analysed together t e m p e r a t u r e  accounted f o r  only 12% of the  
var ia t ion in b r u i s e  r e s i s t ance .  

T h e  r e s u l t s  of dropping t u b e r s  12 inches onto a d igger  chain (Fig .  4 )  a r e  ve ry  s i m i l a r  to 
the standardized bruis ing s tudies .  Katahdin and Russe t  Burbank va r i e t i e s  w e r e  used in th i s  
study. Tuher  t empera tu re  accounted fo r  48% of the b r u i s e  var ia t ion in Katahdin va r i e ty  and 
18% in Russet  Burbank. 

Tuher  condition: If t empera tu re  accounts  f o r  only  18% of the var ia t ion in b r u i s e  damage  
of Russe t  Burbank var ie ty ,  i t  i s  obvious that  s o m e  o t h e r  f ac to r  o r  f a c t o r s  p lay a n  important  
ro le .  P r e l i m i n a r y  studies indicate  that  40-50% of  the var ia t ion in s h a t t e r  b r u i s e  a t  a given 
t empera tu re  can be accounted f o r  b y  var ia t ion in tuber  turgidity.  With the  method used,  tube r  
turgidity accounted f o r  about 20-30% of the var ia t ion in hlackspot.  One of the  f a c t o r s  which 
r e s u l t s  in changes in tuber  turgidi ty  i s  the  hydration l eve l  of the ce l l s .  The  re la t ion  of tuher  
hydration l eve l s  to blackspot and s h a t t e r  b r u i s e  d a m a g e s  a r e  p resen ted  in Fig ,  5. A v e r y  
dehydrated tuber m a y  h e  re l a t ive ly  r e s i s t a n t  to h lackspot  and v e r y  r e s i s t a n t  to s h a t t e r  b ru i se .  
A sl ight inc rease  in hydration m a y  r e s u l t  in an  i n c r e a s e  in b lackspot ,  but fu r the r  hydration 
r e s u l t s  in a d e c r e a s e  in blackspot until the  tubers  become r e s i s t a n t  to blackspot.  Th i s  i s  not 
the  e n t i r e  s t o r y  because  suscept ib i l i ty  to sha t t e r  b r u i s e  i n c r e a s e s  a s  tuher  hydration l eve l  
inc reases .  T h e r e f o r e ,  when a t tempt ing to de te rmine  t h e  b e s t  l eve l  of tuher  hydration a t  
which to ha rves t  both hlackspot  and s h a t t e r  b ru i se  d a m a g e s  should b e  considered.  

Another f ac to r  which r e s u l t s  in a change in tuber  turgidi ty  i s  tuhe r  t e m p e r t a t u r e .  P r e -  
l iminary  data  indicates that  the  re la t ionship  of t e m p e r a t u r e  and tuber  dehydrat ion to total  
damage suscept ib i l i ty  (blackspot and sha t t e r  b r u i s e )  i s  s i m i l a r  t o  that  shown in Fig.  6. When 
tuber  t e m p e r a t u r e s  a r e  high s h a t t e r  b r u i s e  i s  not a p rob lem and hydrated t u b e r s  a r e  m o r e  
r e s i s t a n t  t o  damage.  But if these  potatoes a r e  h a r v e s t e d  a t  a low t e m p e r a t u r e  s h a t t e r  b r u i s e  
wi l l  b e  v e r y  s e v e r e  r e su l t ing  in a l a r g e  amount of total  damage.  T h e  dehydrat ion l eve l  
resul t ing in min imum total  damage  of  potatoes ha rves ted  a t  m e d i u m  t e m p e r a t u r e s  m a y  r e s u l t  
in modera te  to s e v e r e  blackspot if ha rves ted  a t  high t e m p e r a t u r e .  

T h e  l eve l  of d a m a g e s  a t  the  hydration level  of m i n i m u m  d a m a g e  indicates  that  l o w e r  
t empera tu res  r e su l t  in s o m e  r ig idi ty  of ce l l  wal ls .  Ce l l  wa l l  r ig idi ty  tends  to i n c r e a s e  
suscept ib i l i ty  to both blackspot  and s h a t t e r  bruise .  T h e r e f o r e ,  potatoes m u s t  b e  handle* 
m o r e  careful ly  when tuber  t e m p e r a t u r e s  a r e  low. T h e  genera l  pa t t e rn  of d a m a g e  suscep-  
t ibil i ty a p p e a r s  s i m i l a r  f o r  a l l  t e m p e r a t u r e s  used.  

How could the t empera tu re - tuber  hydration informat ion b e  u s e d ?  -- 
1. A potato g rower  could condition h i s  potatoes to obtain the  m a x i m u m  d a m a g e  r e s i s t a n c e  

(hydration level  of m i n i m u m  damage)  at  the teunperature  ::.hj?h hc  p s ~ ~ r t s  to ha>,vest .  



2. The period of da?- In  \i.h,c!: !~a l \ - e s r lng  i s  done could h e  adjusted to m o s t  c losely  m e e t  the  
t empera tu res  in which the potatoes have been conditioned t o  b e  ha rves ted .  

3. The  r a t e  a t  whicii i ~ : ; : . r . ~ ' : r . e  is <!one iq-quld need to va ry  dur ing the ha rves t  period depending 
on t h e  tuher  trm..),.: . .,.. 

4. T h e  r a t e  of ha rves t  r iu r ing  a da\-'s h a r v e s t  could b e  adjusted to obtain a m a x i m u m  harves t ing  
r a t e  with low damage.  

P r o b l e m s :  

1. One of the m a i n  prohiems will  b e  var ia t ion in  tuber  condition. T h e  condition of hydrat ion,  
level  va r i e s :  

a )  within a potato field 

b )  within a hil l  of potatoes. 

C )  within a potato tuber .  

2 .  A good inexpensive method of de te rmin ing  t u b e r  condition h a s  not been developed a t  the  
p resen t  time. T h e s e  two problems a r e  under  i 'nvestigation a t  the  p resen t  t ime .  After  
they have been worked out, the  m o s t  c r i t i c a l  problem will  b e  up to you the  potato g rower .  

3 .  Implementation - T h i s  will  involve ca re fu l  planning of your  e n t i r e  potato production 
p rogram.  A s  a n  e x a n p l e ,  you will  need to know the approximate  da te  of h a r v e s t  p r i o r  
to the t ime  you purchase  your  seed  b e c a u s e y o u r  e n t i r e  fer t i l iza t ion,  i r r iga t ion  and pes t  
control  p r o g r a m  m a y  v a r y  depending on the  t e m p e r a t u r e  a t  h a r v e s t .  
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F i g .  1. A drawing of typical blackspot and shatter 
bruise injury. 
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Fig. 2. Temperature range and estimated damage 
resulting when average 6AM - 6PM damage 
equals 12%. 
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Fig. 3 .  Bruise resistance as related to temperature and 
harvest period (standardized bruising). 
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Fig. 4 .  Bruise resistance as related to temperature and 
harvest ueriod (tubera dropped 12"). 
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Fig. 5. Blackspot and shatter bruiae susceptibility as 
affected by temperature and tuber hydration level. 
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Fig. 6. Total damage susceptibility as affected by temperature 
and tuber hydration level. 
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