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Introduction 

An investigation was begun July 1, 1966 on the bac ter ia l  sof t  ro t  
prob1e.m. in ra i l road  ca r  shipments of potato tubers .  The objectives 
were  to determ.ine the causal. a.gen.t(s) , to determine environmental 
f ac to r s  involved and to develop control m e a s u r e s .  

To  determine the extent; of the problem a su rvey  was made of r e -  
inspection cer t i f icat  s  of potato shipments f r o m  the s ta te  of Washington 

3 f for  1965 and 1966~- -  Tuber decay a s  reported on the certif icated in- 
clude sof t  ro t ,  s l imy soft ro t ,  water r o t  and leak. It i s  not known i f  
s l imy sof t  ro t  caused by bac ter ia  and water ~ ' o t  caused by a fungal 
organism were  alwa.ys properly distingu.shed in  %he reinspections.  
Leak caused b y  a fungal o r g a n i s m h a s  somewhat s imi l a r  symptoms to 
water ro t ;  therefore ,  these  two may not have been. proper ly  separated.  
There  was a l so  a q.uestion a s  to whetber of not s l imy  soft  ro t  was 
another d i sease  or n e e r e  an advance s tage of sof t  r o t  which i s  caused 
by bac ter ia .  Therefore ,  for the purpose of this investigation, sof t  ro t ,  
slim-y soft ro t ,  water r o t  and ieak .were placed in one category under 
the heading "tuber decay. ! '  "Black spot", a, tuber  defect for  which the 
cause  i s  not known, was a second c a t e g o r y ~  

A survey  of the reinspection certif icates i s sued  between, July 1 and 
November 19, 1965 and for a corresponding per iod  July 1 to October 31, 
1966, revealed that 686 c a r s  in 1965 and 984 c a r s  in 1966 were  r e j ec t -  

&oOr~-tilbe~rde~f-e:cts.--~ ----- ~ ~ ~ 

Table 1. . Railroad Car  Shipments and Rejections -.. 1965 and 1966 
Total  C- r s  Shipped Total. Ca.rs ~.ejecte&! P e r c e n t  C a r s  Reject.  

1966?! 1965- ~ 1965 1966 I965 1966 
8 ,  nag .- -- 8,045 686 - 984 8 .6  12.2 - 

11 Based on Reinspection. Certif icates only.  -. 
21 B y  31, Shippers f r o m  July 1 to  hiovember 19, 1965. - 
31 B y  29 S w e r s  f r o m  J u . i ~  1 t o  October 31, 1 9 6 6 ~  - 
1 /  This investigation was made possible through grants  supplied by -- 

the Washington State Potato Com.miss.on. 
21 Graduate Assis tant ,  A.ssistant P lan t  Pathciogis t  , Department of -- 

'P lan t  Pathology, Washington State University,  and Resea rch  Micro-  
i,iologist, USDA -ARS, Soil and Water Conservation Resea rch  
Divisions respect ively,  I r r iga ted  A g r i c u l h r e  Resea rch  and Exten- 
sion Center ,  P r o a s e r .  

3 /  Based on r eco rds  provided by Mr .  W. J. trey,  Superv isor ,  Fresh -. 
Products  Inspection, Federal-State  Jaspection Serv ice ,  and Mr.  
F r e d  Ramsey,  Manager ,  Washington State Potato C ~ m m : ~ s s i o n .  
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This  represen ted  an  inc rease  in c a r  re ject ions  f r o m  8. 6% in 1965 to  
12.2% in 1 9 6 6  There  were  additional unknown numbers  of c a r s  with 
se r ious  tuber desec ts  f o r  which p r i ce s  w e r e  readjusted a t  the te rmina l  
marke t s  without re inspect ion and, therefore ,  not reported.  

The survey  showed that black spot  was responsible  for  43% of the 
re ject ions  in 1965 and 48% in 1966. (Fig.  1.)  Rejections for  soft  r o t  
dropped f r o m  36% in 1965 to 17% in 1966. Ca r  re ject ions  with com-  
bined tuber defec ts ,  black spot and soft  r o t ,  increased  f r o m  21% of the 
total  re ject ions  in 1965 to  35% in 1966. These  f igures  show the se r ious  
nes s  of the tuber decay and black spot p roblems.  

Environmental  fac tors  such a s  mo i s tu re ,  t empera ture  and oxygen 
a s  well a s  food supplies play important r o l e s  in  the growth of mic ro -  
organisms;  a study of these factors  a s  they r e l a t e  to tuber decay 
seemed  appropria te .  The usual  manner in  which potato tubers  a r e  
harvested.  washed, so r t ed ,  packaged and loaded into r a i l road  c a r s  
r e su l t s  in  wounds a n  b ru i se s  through which micro-organism may 
enter  and a wet and w a r m  environm-ent f o r  their  growth, especially 
during the s u m m e r  and e a r l y  fali. when. embient  t empera tures  a r e  high. 
The tubers  may  r ema in  w a r m  and wet f o r  several ,  days af ter  sor t ing 
before  the ice  in the  c a r  $-educed t empera tu re  t o  a po.lnt where decay 
p roces ses  were  great ly  reduced or  prevented.  Once the decay p roces s  
has  begun, water r e l ea sed  from. the init ial  decay will provide m.oisture 
f a r  fur ther  decay, provided tem.peratUre is suitable.  Weaver and 
Merri111/(1965) r epo r t ed  that  j t  took 54 hours  for  the tempera ture  to  
d rop  f r o m  63O to 500 F. in  a pre- iced c a r  a f te r  the c a r  doors were  
ciosed.  (F ig .  2 . )  i t  requi red  72 hours f o r  the tempera ture  to drop 
f r o m  650 to 50°F. in  a second c a r  not p re - iced  and using 112 stage 
ice  (bunkers 112 f i ~ l l ) ~  

P re l imina ry  s tudies  were  begun with t h e  following 2 experiments 
on the environmental  f a c t o r s  affecting bac t e r i a l  sof t  ro t .  These ex-  
pelP~ime&s~ape~~pre~l~jjmminnaPPYYYj nfififi nnaatuUrPeeeee~JmmP~iiCa~~onnsSSSfPPommmrPeeS~~~s-~~--~~~-~-~-~~-~~~~~ 

should not be considered a recommendation for  control .  

Experim.ent No. ].-Oxygen Depletion b y  Pota to  Tubers  in  a Closed 
Chamber 

OBJECT: 
To determine the r a t e  of oxygen depletion depletion by  tu.bers in a closed 

chamber .  
Introduction -- - 

Micro-organisms a r e  known to v a r y  in  their  oxygen requi rements .  
Potato  tubers  durlng t r ans l t  or s to rage  a r e  constantly using oxygen 
f r o m  the surrounding atmosphere .  A t  p re sen t  no information i s  avail-  
able on the r a t e  of oxygen depletion b y  t u b e r s  i n  closed containers.  It 
i s  important  that the effects of oxygen concentrations on tuber decay 
be established. ', -. 

11 Weaver ,  M. L. and T .A .  Merr i l l .  A m e r ,  Potato  J. 42:223-239.1965. -" 



Mater ia l s  and Methods 

Twenty-five pounds of tubers  were  taken from. a 350F. c ~ l d  room 
and  with no further t rea tment  were  placed in double 8" x 10" x 24" 
polyethylene bags and tightly sealed.  Four  such "bags" were  placed 
i n  each of 4 rooms a t  t empera tu re s  of 350, 5O0, 60' and 7O0F., 
respect iveiy.  An asperat ing type oxygen ana lyzer ,  Beckman Model D ,  
was used to measu re  the oxygen in each bag at various intervals .  

Resu l t s  -- 

After  24 hours  the oxygen content of the a i r  in bags of tubers  
s t o r e d  at. 700 and 60oF. was reduced f r o m  20.5% t;o about 5% oxygen, 
and  i n  t h s se  s tored  a t  50" and 350F. the oxygen content was 10% and 
1670~  respectively.  After  72 hours a l l  bags coatained l e s s  than 3% 
oxygen except those held a t  35" whlch had about 8% oxygen. (Fig.  3) 
These  resu l t s  indicate that oxygen may  be depleted in a re1ativel.y 
s h o r t  per iod of rim-e. This depletion of oxygen could a f iec t  sof t  r o t  
decay caused by bacteria.. 

Exper iment  No. 2..Effect of Moisture ,  Tem.perat.ilre and Oxygen on 
Tuber Decay 

ORTECT: 

To determine the effect sf va r io r~s  environmental  f ac to r s  on  tuber 
decay . Materia ls  and ~ e t h o d s .  ~ 

Potato tubers .  The tubers  ( 4 - 8  c z . )  .utilized in  these  studies 
w e r e  s tored  in a cold room,  35OF. for  3 m-onths p r io r  to testing.  They 
w e r e  ta.k.en direct ly  from. the co1.d room. and dipped in  tap  water  s o  
that  all. we re  uniformily w e t  Eight tubers  were  placed in each chamber 
~ p ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - ~ ~ ~ ~ ~ ~  ---- 

and  the chambers  were   laced in their  respect jve tempera ture  roorns. 

Tempera ture  rooms .  Four  tempera ture  rooms  were  designed to 
provide tempera tures  of S O Q ,  55" ,  60' and 7O0F., respect ively.  

Oxygen t rea tments .  Each  tempera ture  r o o m  was inter-connected 
with a tmospheric  a i r  and n j t ~ o g e n ,  gas man i f0 l . d~ .  A needle -valve r e g -  
u-lated the flow of a i r  cir gas to each chamber .  The  chambers  were  
sparged  with a i r  to :represent an, a tmosphere  level. of oxygen (about 
20. 570) a.nd with nitrogen gas  to r ep re sen t  a  lo^ level of oxygen (about 
2%j. The flow of a.ir o r  nitrogen. gas entering the chamber  was ob- 
s e rved  by  hubblin.g it through water  in  a f lask placed inside each  
chamber .  

Environmental  chambers .  Environmental  chamber s ,  here in  called 
"chambers ' !  were  devised to control  m-oisture and oxygen surrounding 
the subers .  Each. chamber consisted of a n  8 ' '  x 19 ' '  x 24" polyethylene 
bag s~ lppor t ed  a t  the  outside by a wi re  f r ame .  The chamber  was 
placed upon. a 9" x 1.4'' t r a y  for  ea se  of handling. A wi re  fram.e 8" x 



9" x 2" with wi res  2" a p a r t  a c r o s s  the top,  was placed within the 
chamber  to  support  and to  faci l i ta te  aera t ion  of the tubers  when 
required. 

Moisture - treatments.. 

Touching water.  Five hundred mi l l i l i t e r s  of tap water were  added 
to  the bottom of each cham be^. After  placing the tubers  in  the water 
it was approximately 314" deep. 

Sponge. Tubers  were  a r ranged  under and  on top of a s te r i l i zed  
cellulose sponge, 3" x 4" x 1-l/2", previously soaked in  tap water.  
Al i  tubers  were  a r ranged  s o t h e y  touched the sponge. The tubers  and 
sponge were placed upon a w i re  f r a m e  within the chamber .  A con- 
tinuous film. of mois ture  enveloped the tube r s  with drops of mois ture  
hanging on the under s ide  of lower tubers .  After 5 days,  20 m l  of 
tap water  were  added to  the  sponge in the chamber  by  means of a 50 ml.. 
syri.nge wi.th a 3" needle. Some of the water  r a n  off, hd ica t ing  the 
sponge was filled to capacity. This sponge t rea tment  r ep re sen t s  a 
"water-soaked" spot  in  a sack  of tubers  in  t r ans i t  or  s to rage  which i s  
often initiated by the water  r o t  fungus. 

D r y .  Tubers  were  placed on a wi re  f r a m e  within the chamber  
and no mois ture  was added. After  24 hours  the tuber  su r f aces  were  
d r y  iinder the 4 t.emperatures tested.  

Each  t reatment  for  a tmospher ic  level of oxygen, low level  of oxy- 
gen, touching water (wet),  sponge and d r y  was repl icated 4 t imes  in  
each of the 4 tempera ture  r0om.s. The experiment  was repl icated 
twice-_an~d~the~~~a~~erage-data~-r_epozted ~ ~ - ----- 

Tuber decay measurements .  - 

Tuber decay was determ-ined by applying p r e s s u r e  with the f ingers  
on the surface.  Each  tubes was r a t ed  on. a "0"  to  "5" s ca l e ,  where 
"0" indicated no decay and "5" indicated 3 / 4  to  a l l  of the tuber decayed. 
Tubers  which were just  beginning to decay were  given a ' '1" rating.  
The r e su l t s  were  determined a f te r  8 days for  treatm-ents held a t  70°F. 
because of rapid symptom development a t  th is  t empera ture .  Remain-  
ing data were  recorded  a f te r  11 days for t rea tments  held a t  50°, 55' 
and 60°F. 

RESULTS 

Tubers  receiving the d r y  t rea tment  did not b reak  down a t  any temp-  
e r a t u r e  or  oxygen level.  (Fig.  4). At  a tempera ture  of 500F. tuber  
decay was prevented r ega rd l e s s  of the mois ture  condition o r  oxygen 
l e e  Decay was much l e s s  a t  55O and 600 than a t  TO0. Most of the 
decay a t  550 and 60° w a s  a t  s i t e s  of old cuts and b ru i se s .  Some of the 



t ube r s  receiving the touching water t r ea tmen t  a t  70' showed no symp- 
toms  of decay while others  in the s a m e  chamber  were  par t ia l ly  o r  
totally d e c a y e d  Most of the decay in  tubers  touching water  was in 
that  portion of the tuber which wa.s s i~bmerged .  There  was significant- 

1 1 '  iy m o r e  r o t  in  the tubers  touching water than i n  those touching the - 
wet sponge. Tuber decay was significantly l e s s  a t  a tmospheric  level 
of oxygen than a t  the lower l p e l  of oxygen. (F ig .  4. ). 

Pota to  tubers  were  tes ted a t  4 t empera tu re s ,  50°, .55O, 60° and 
700F. , under 3 mois ture  conditions, touching water ,  sponge and dry  
and  with. 2 oxygen levels ,  a tmospheric  and low oxygen (about 2'70). 

Tubers  with d ry  saricaces did not decay under any tempera ture  or 
oxygen level  tested.  

A temperat-ure of 50° pce:verrted tuber decay under a l l  mois ture  
conditions and oxygen levels tested.  Tempera tu re s  of 55' and 60° 
grea t iy  reduced decay over tempera ture  of 70'. 

So-und tube r s  were  m o r e  r e s i s t an t  to  decay than those with cuts 
and  b ru i se s .  

Atmospher ic  level of oxygen dec reased  tuber  decay over  low 
oxygen level.  

11 Stat is t ical  data not reported - 
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