
ESTIErlATION OF V723TICILLIlJM I N  PLANT DEBRIS, 
WIL AND TAIL 'QlTER. I/ - 

Gene D. Easton,  Donald 1,. Bai ley ,  and Kichae l  3. Nagle 
A s s o c i a t e  P l a n t  P a t h o l o g i s t ,  A s s i s t a n t  Bxperimental Bide and 

Experimental  Aide 

epar tment  of P l a n t  Pa tho logy  
Washington % a t e  U n i v e r s i t y  

I r r i g a t e d  A g r i c u l t u r e  Research and Zxtension Center  
P r o s s e r  , e7ashington 

INTROnUCTION 

Yield  r e d u c t i o n s  i n  Russet  Burbank p o t a t o  due t o  Vert- 
icillium w i l t  a r e  i n c r e a s i n g  i n  t h e  Columbia River  B a s i n .  
F i e l d s  which once r a i s e d  25-30 T  of p o t a t o e s  p e r  a c r e  a r e  now 
down t o  11-15 T  p e r  a c r e .  P o t a t o  p r o d u c t i o n  i n  our  o l d e r  po- 
t a t o  growing a r e a s  such a s  t h e  Yakima Va l l ey ,  has  been g r e a t l y  
reduced because of w i l t .  Las t  y e a r  p o t a t o  p roduc t ion  was s t a r t e d  
n e a r  Pa t e r son ,  Tqashington. How long  w i l l  i t  be be fo re  V e r t i c i l -  
l ium i s  sp read  t o  t h i s  a r e a ?  4 s  o t h e r  a r e a s  come i n t o  produc- 
tion, w i l l  t h e y  t o o  become i n f e s t e d  w i t h  w i l t ?  

The V e r t i c i l l i u m  w i l t  organism, V e r t i c i l l i u m  albo-atrum 
Renke and Ber th ,  Lmi ' c rosc l e ro t i a l  st-ought t o  in-  
vade t h e  s o i l  and n o t  t o  be a  n a t u r a l  i n h a b i t a n t  r81. That is 
t o  s a y ,  it h a s  t o  be spread  t o  f i e l d s  i n  aash ing ton7by  some 
means of t r a n s p o r t a t i o n .  Dust s to rms .  movement i n  i r r i g a t i o n  
w a t e r ,  and i n - s t a t e  and o u t - o f - s t a t e  movement of machinery a r e  
s i g n i f i c a n t  means of t r a n s p o r t i n g  V e r t i c i l l i u m .  Seed p o t a t o e s  
grown i n  s o i l s  i n f e s t e d  wi th  V e r t i ' c l l l i u m  and t h e  i n f e s t e d  
s o i l  c l i n g i n g  t o  s eed  t u b e r s  could s e r v e  a s  a n o t h e r  means of 
t r a n s p o r t i n g  w i l t .  

he  build-up of t h e  V e r t i c i l l i u m  wilt organism, a f  
s once i n t r o d u c e d ,  w i l l  aepend on t h e  p re sence  of s u s c e p t i b l e  

h o s t s .  Agronomic h o s t s  such a s  p o t a t o ,  tomato,  eggp lan t ,  
pepper ,  muskmelon, watermelon, and s t r a w b e r r y ,  o r  weed h o s t s  
such a s  lambs q u a r t e r  and n igh t shade ,  p e r m i t  r a p i d  build-up of 
V e r t i c i l l i u m  i n  t h e  s o i l  [l]. Veeds and c e r e a l  c r o p s  p r e v i o u s l y  
thought  t o  be non-hosts  of V e r t i c i l l i u m  become i n f e c t e d  but  

s toms when grown i n  M l s  i n f e s t e d  w i t h  t h e  
n T"? 2 .  

The p e r s i s t e n c e  of V e r t i c i l l i u m  i n  our  i res tern  po ta to -  
growing a r e a s  is  due t o  t h e  fo rma t ion  of a  r e s t i n g  s t a g e ,  
c a l l e d  a  microsc le ro t ium.  This  s t a g e  forms i n  stems and r o o t s  
k i l l e d  by t h e  w i l t  organism. - V e r t i c i l l i u m  can  a l s o  c o l o n i z e  

I/ T h i s  i n v e s t i g a t i o n  was made p o s s i b l e  th rough  a  g r a n t  sup- - 
p&ied  by t h e  Yashington S t a t e  P o t a t o  Commission. 
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dead,  d r y  p i e c e s  of s tems of such h o s t s  a s  peppermint ,  a l f a l f a ,  
pigweed, b a r l e  and o a t s  when t h e s e  a r e  b u r i e d  i n  n a t u r a l l y  in-  
f e s t e d  s o i l  1-35. S c l e r o t i a  produced i n  i n f e s t e d  dead stems can  
p e r p e t u a t e  t h e  organism i n  t h e  absence  of t h e  l i v i n g  h o s t s .  

M i c r o s c l e r o t i a  have been r e p o r t e d  t o  form between 50-70 
deg rees  F r6]. M i c r o s c l e r o t i a  a r e  r e s i s t a n t  t o  adve r se  con- 
d i t i o n s  such a s  l ong  exposure t o  d r  i n g ,  even a t  h igh  tempera- 
t u r e s  [ 1 2 2  deg rees  P f o r  6  months] 751. The V e f t i c i l l i u m  w i l t  
organism has  been r e p o r t e d  t o  s t i l l  b e  p r e s e n t  i n  s o i l s  a f t e r  
1 4  y e a r s  of s u c c e s s i v e  p l a n t i n g s  of non - suscep t ib l e  c r o p s  i n  
C a l i f o r n i a  [9]. V e r t i c i l l i u m  was d e t e c t e d  i n  C a l i f o r n i a  s o i l s  
a t  a  depth  of 3 f t ;  however, w i l t  i n f e s t a t i o n  was 3 t o  4  t i m e s  
g r e a t e r  i n  t h e  upper f o o t  of s o i l  [7]. Type of s o i l ,  s u r f a c e  
o r  subsGi l ,  c rop  h i s t o r y  o r  depth  of r o o t  p e n e t r a t i o n  had no 
r e l a t i o n  t o  t h e  v e r t i c a l  d i s t r i b u t i o n  of V e r t i c i l l i u m .  

The   resent r e s e a r c h  was i n i t i a t e d  togde te rmine  t h e  r e -  
l a t i v e  p o p u l a t i o n s  of V e r t i c i l l i u m  - i n  s o i l ,  p l a n t  d e b r i s  and 
i r r i g a t i o n  t a i l  water .  

METHODS 4ND MATERIALS 

P o t a t o  s tems of Russet  Burbank i n f e s t e d  w i t h  V e r t i c i l l i u m  
were c o l l e c t e d  i n  1966 n e a r  O t h e l l o ,  Washington. These s tems 
were ground i n  a lV i l ey  m i l l  w i t h  40 mesh s c r e e n  and stem d e b r i s  
w i th  a t t a c h e d  m i c r o s c l e r o t i a  p a s s i n g  th rough  a  200 mesh s c r e e n  
was c o l l e c t e d .  The stem d e b r i s  rO.5 g]  was d i l u t e d  1:50,000 
wi th  s t e r i l e  t a p  w a t e r  and thoroughly  shaken [Table 11. Each 
d i l u t i o n  r0.5 m l ]  was p i p e t t e d  t o  p e t r i  d i s h e s  c o n t a i n i n g  1 5  m l  
of e t h a n o l  and s t r eo tomvc in  a g a r  r41  modi f ied  bv t h e  a d d i t i o n  
of 50 ppm of P e n i c i i l i n - G  a n d V s p r e a i  over  t h e  s b r f a c e  w i t h  a  

l a s s  rod.  Propagules  of V e r t i c i l l i u m  r m i c r o s c l e r o t i a l  
c o l o n i e s  3 were counted 2 t o  3 w e e k F a f t e r  p l a t i n g  w i t h  a i d  of 
a  d i s s e c t i n g  microscope a t  716-60 m a g n i f i c a t i o n .  

n f e s t e d  s o i l  was c o l l e c t e d  i n  t h e  f a l l  of 1966 n  
Othe l lo  and P r o s s e r ,  ':'ashington a t  random t o  a  depth o  
i n c h e s ,  mixed and s t o r e d  a t  4  deg rees  C u n t i l  t h e  a s s a y s  were 
conducted. The s o i l  n e a r  P r o s s e r  had grown i r r i g a t e d  c r o p s  
s i n c e  1919 and had been cropped c o n t i n u o u s l y  t o  p o t a t o e s  po t -  
a t o e s  s i n c e  1958. The s o i l  n e a r  O t h e l l o  had been cropped t o  
d r y  l and  wheat p r i o r  t o  i r r i g a t i o n  and t o  a l f a l f a  a f t e r  t h e  in -  
t r o d u c t i o n  of i r r i g a t i o n  i n  1962. Th i s  s o i l  was i n f e s t e d  w i t h  
V e r t i c i l l i u m  -- i n  1964 by p l a n t i n g  p o t a t o  s eed  p i e c e s  dipped in -  
t o  a  suspens ion  of c o n i d i a  and m i c r o s c l e r o t i a  of t h e  organism 
and r a i s e d  s u c c e s s i v e  c rops  of p o t a t o e s  i n  1965 and 1966 with- 
o u t  f u r t h e r  a r t i f i c i a l  i n f e s t a t i o n .  The s o i l s  [30g] were d i -  
l u t e d  t o  1:50 an6 1:500 w i t h  s t e r i l e  t a p  w a t e r  and thoroughly  
shaken [Table  21 .  Methods of p l a t i n g  and p ropagu le  count ing  
were t h e  same a s  used f o r  p o t a t o  s tems.  Oven d r y  weights  were 
t a k e n  i n  o r e e r  t o  c a l c u l a t e  p e r c e n t a g e  of m o i s t u r e  i n  t h e  s o i l .  

T a i l  wa te r  from V e r t i c i l l i u m - i n f e s t e d  s o i l  was c o l l e c t e d  
i n  1967 nen r  O t h e l l o ,  l rashington f o r  a s s a y i n g  i n  s t e r i l e  t e s t  



t u b e s  a t  t h e  t a i l  ends  of p o t a t o  furrows.  Th i s  s o i l  was in-  
f e s t e d  :vith V e r t i c i l l i u m  i n  1963 by p l a n t i n g  p o t a t o  seed p i e -  
c e s  dipped i n t o  a  suspens ion  of V e r t i c i l l i m  c o n i d i a  and mic- 
r o s c l e r o t i a .  P o t a t o e s  were grown i n  1964 and 1965, a h e a t  i n  
1966,  and p o t a t o e s  i n  1967. The t u b e s  of t a i l  wa te r  were he ld  
under i c e  i n  i n s u l a t e d  c o n t a i n e r s  i n  t h e  f i e l d  and i n  t h e  l ab -  
o r a t o r y  a t  4  deg rees  C f o r  n o t  over  24 h o u r s  u n t i l  a s s e y s  were 
made. Undi lu ted  t a i l  wa te r  r0.3 m l ]  was p i p e t t e d  on t h e  e th-  
a n o l  and s t r ep tomyc in  a g a r  modif ied wi th  P e n i c i l l i n  G. Flethod 
of p ropagule  count  was t h e  same a s  f o r  t h e  p o t a t o  stems.  Three 
samples  of t a i l  w a t e r  c o l l e c t e d  from 1 0  fur rows  on Tune 20 'an6 
J u l y  28 were p l a t e d  on 30 p l a t e s .  Four measurements of t ime 
[seconds]  t o  c o l l e c t  1/2 g a l l o n  of w a t e r . f o r  each furrow were 
determined by use  of a  V-veir f o r  each of t h e  1 0  rows. 

RESUJ,TS ANT, n1SCUSSIO.N 

Ver - t i c i l l i um propagule  counts  of m i c r o s c l e r o t i a l  c o l o n i e s  
from m s t e d  poca to  s tem t i s s u e  v a r i e d  from 7 t o  2 4  m i l l i o n  
p e r  gram of t i s s u e  [Table  11. P e r s i s t e n t  m i c r o s c l e r o t i a  found 
i n  i n f e c t e d  s tems of p o t a t o  p l a n t s  s e r v e  t o  p e r p e t u a t e  B e r t i -  
c i l l i u m  f o r  nany  y e a r s .  qecomposi t ion of s tems  and r o o t s i n -  
fes ted-with  r n i c r o s c l e r o t i a l  bod ie s  r e s u l t s  i n  s o i l s  becoming 
more h e a v i l y  i n f e s t e d  w i t h  V e r t i c i l l i u m .  Continued y i e l d  re -  
d u c t i o n s  can be expected i n  t h e  f u t u r e  u n l e s s  w i l t  r e s i s t a n t  
v a r i e t i e s  o r  chemical  c o n t r o l s  a r e  developed.  

I n f e s t e d  s o i l s  n e a r  P r o s s e r  and O t h e l l o  had 2 t o  4  and 
24-32 thousand V e r t i c i l l i u m  p ropagu le s  p e r  gram of d r  s o i l ,  
r e s p e c t i v e l y ,  a t  t h e  O t o  1 0  i n c h  s o i l  l e v e l  [Table  2 y . in- 
d i c a t i n g  a  h igh  inoculum p o t e n t i a l  of  V e r t i c i l l i u m  i n  t h e s e  
s o i l s .  P o t a t o  p l a n t s  grown i n  t h e s e  s o ~ ~ s  i n  p s s f y e a r s  were 
s e v e r e l y  i n f e c t e d  w i t h  V e r t i c i l l i u m  w i l t .  F u t u r e  sampling 

T a i l  wa te r  which had flowed down fur rows  i n  a  ~ o t a t o  f i e l d  
n e a r  O t h e l l o  con ta ined  an a-verage of 0.14 m i l l i o n / g & l  V e r t i c i l -  
l ium p ropagu le s  on June 2 0 ,  1967 [Table  31. Th i s  average  had 
i n c r e a s e d  t o  1 .14  m i l l i o n / g a l  by J u l y  28. . ibout 100 g a l l o n s  
of t a i l  w a t e r  f lowed down t h e  fur rows  each hour. Reuse of t h i s  
t a i l  wa te r  cou ld  be a  means of d i s s e m i n a t i n g  ~ l e r t i c i l l i u m  frorr, 
f i e l d  t o  f i e l d .  

V e r t i c i l l i u m  p ropagu le s  v a r i e d  from 7 m i l l i o n  t o  24 m i l l i o n  
p e r  gram of i n f e c t e d  stem t i s s u e  and 2  thousend t o  32 thousand 
p e r  gram of i n f e s t e d  s o i l .  T a i l  w a t e r  flexing down fur rows  of 
p o t a t o e s ,  y i e l d e d  an  average  of 0.14 m i l l i o n / g a l  p ropagules  on 
June 20, 1967 which i n c r e a s e d  t o  1 .14 m i l l i o n / g a l  by J u l y  28,  
1967.  This  i n f o r m a t i o n  j n d i c a t e s  p o t e n t i a l l y  l a r g e  r e s e r v o i r s  
of V e r t i c i l l i u m  i n  s o i l  and i t s  p o s s i b l e  sp read  by r e u s e  of ir- 
r i g a t i o n  wate r .  --lj2-- 
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Table 1. Vertici l l ium propagules i n  infes ted potato stems. 

Propagules per gram 

Propagules per stem debris (10 6 )- 31 
Grams dry Dilution Dilution 
stem d e b r i a  1/50,000 1/500,000 1/50,000 1/500,000 

0.5, g of d rys t em debris was added to.24.5 m l  of s t e r i l e  tap water fo r  

an approximate. 1/50. d i lut ion;  1/50-,.000. and 1/500,000. di lut ions  were 

4 made by l o 3  and 10 di lut ions  of the 1/50 di lut ion.  

a Mean count of 15 p la tes  (0.3 m l  per p la te )  fo r  each di lut ion.  

2/ calculations : 

1/50.000 di lut ion:  

a. d i l u t i on  fac tor  = .25 (vblume ,of 1/50. d i l u t i on )  . x  .lo3. = (volume of 
. . . . . . . . . 1 / 5 0 , : 0 ~ 0 , d i l u t i ~ ) .  : . . . . 

0.5 <g;stem d e b r i s )  x  0.3 ( m i  . p e r  p la te )  

b. propagules per gram stem debris = di lu t ion  fac tor  x  p l a t e  count 

1/500,000 di lut ion:  

b. propagules per gram stem debris = d i lu t i on  fac tor  x  p l a t e  count 



Table 2. Verticillium propagules i n  infes ted potato s o i l s  

- ,  Propagules per 
3/ propagules per  plate-?' gram dry soil- 

So i l  Weight of s o i l  Dilution Dilution 

location 
- 

oven dry 1/50 wet 1/500 1/50 11500 

Prosser 30 g 28.44 13.5 2.6 2,373 4,571 

Othello 30 g 26.64 132.5 17.2 24,868 32,282 

--- - 

30 g of wet s o i l  added t o  1470 m l  s t e r i l e  water t o  @ve approximate 

1/50 dilution; 1/500 d i lu t ion  was made by a 10' d i l u t i on  of the  1/50 

di lut ion.  

a Mean count of 60 p la tes  (0.3 m l  per p la te )  fo r  each di lut ion.  

Calculations : 

1 / 5 0  dilution: 

a. d i lu t ion  factor  = 1500 m l  (volume of d i lu t ion)  
28.44 g (oven dry wt) x 0.3 ( m l  per p la te )  

b. propagules per g oven dry s o i l  = di lu t ion  fac tor  x p l a t e  count 

l/500 di lut ion:  

a. d i lu t ion  fac tor  = 1500 ml x 10 
28-44 g x 0.3 m l  

b. propagules per g oven dry s o i l  = d i lu t i on  fac tor  x p l a t e  count 



Table 3. Vert ici l l ium propagules i n  t a i l  water from furrows of 

potatoes growing i n  infes ted s o i l .  

Time f o r  112 - ,  Gal t a i l  Propagules 

g a l  water flow Propagules per g a l  t a i l  
(sec.) 21 fo r  1 hr- per  plate- 31 water (10 6 )- 41 

June 20, 1967 

105 11.5 0.14 

July 28, 1967 

Mean of four measurements (sec/l /2 gal)  determined by use of V-weir  f o r  10 

rows on June 20 and July  28. 

Calculated by dividing 3600 (seclhr) by s ec lga l  flow (2 x sec / l /2  g a l  flow). 

3 Mean count of 30 p l a t e s  (0.3 m l  per  p l a t e )  from water col lec ted on June 20 

and July  28, 

Calculations of propagules per g 

a. Propagules per m l  = propagules per p l a t e  x 3.3 (3.3 x 0.3 mllpla te  added 

b. Propagules per  g a l  = propagules per m l  x 1000 [ml/ l i ter )  x 3.7853 ( l i t e r s  

gal)  



TNVIROM!WTbI, F4CTORS AFFECTING SOFT ROT OF P O T A T O E S ~ /  - 
Robert  ". Cromarty and Gene D. Fas ton ,  Graduate A s s i s t a n t  and 

Assoc ia te  P l a n t  P a t h o l o g i s t ,  Department of P l a n t  Pa tho logy ,  
"lashington S t a t e  U n i v e r s i t y .  I r r i g a t e d  Agr i cu l tu re  Research and 

%tens ion  Cen te r ,  P r o s s e r ,  r e s p e c t i v e l y .  

INTRODUCTION 

The i n v e s t i g a t i o n  on t h e  b a c t e r i a l  s o f t  r o t  problem i n  
r a i l r o a d  c a r  shipments  of p o t a t o  t u b e r s  began J u l y  1, 1966, 
and was cont inued  du r ing  1967. P r e l i m i n a r y  f i n d i n g s  were r e -  " 

p o r t e d  i n  1966 2/. O b j e c t i v e s  a r e  t o  de te rmine  c a s u a l  a g e n t s ,  
t o  de te rmine  environmental  f a c t o r s  involved ,  and t o  develop 
c o n t r o l  measures. 

Railway r e i n s p e c t i o n  c e r t i f i c a t e s  were ana lyzed  t o  d e t e r -  
mine t h e  e x t e n t  of t h e  s h i p p i n g  problems i n  1967 3/. R e s u l t s  
of  t h i s  s t u d y  were compared w i t h  t h e  s t u d i e s  of 1V65 and 19664/. - 
Tuber d e f e c t s  were grouped i n t o  2  c a t e g o r i e s  - b lackspo t  and 
t u b e r  decay. The l a t t e r  i nc luded  s o f t  r o t ,  s l i m y  s o f t  r o t ,  
w a t e r  r o t ,  and l e a k ,  which were grouped t o g e t h e r  due t o  t h e  
d i f f i c u l t y  i n  p r o p e r l y  d i s t i n g u i s h i n g  t h e s e  d e f e c t s  a t  t h e  t e r -  
mina l  markets.  

The a n a l y s i s  of r e i n s p e c t i o n  c e r t i f i c a t e s  r e v e a l e d  t h a t  
6.176 of t h e  c a r s  sh ipped  i n  1967 were r e j e c t e d  a s  compared 
w i t h  8.6% and 12.2% i n  1965 and 1966,  r e s p e c t i v e l y  [Table I]. 
There were 408 c a r s  r e j e c t e d  i n  1967 a s  compared wi th  686 i n  
1965 and 984 i n  1966. I n  each y e a r  t h e r e  were a d d i t i o n a l  un- 
known numbers of c a r s  w i t h  s e r i o u s  d e f e c t s  f o r  which p r i c e s  
were a d j u s t e d  a t  t h e  t e r m i n a l  marke ts  w i thou t  r e i n s p e c t i o n  
and,  t h e r e f o r e ,  n o t  r e p o r t e d .  

The su rvey  r e v e a l e d  t h a t  b l a c k s p o t  was r e s p o n s i b l e  f o r  
28?4 of t h e  t o t a l  c a r s  r e j e c t e d  i n  1967 a s  compared wi th  43O 
and 48:6 i n  1965 and 1966,  r e s p e c t i v e l y  [Fig.  11. R e j e c t i o  
f o r  t u b e r  decay i n c r e a s e d  s h a r p l y  i n  1967 ove r  p r e v i o u s  y e a r s  
amounting t o  36%. 17% and 58Ok of t h e  t o t a l  r e j e c t i o n s  f o r  1965, 
1966 and 1967. r e s p e c t i v e l y .  Cars  r e j e c t e d  because of combined 
t u b e r  d e f e c t s  of b l ackspo t  and t u b e r  decay were 2196, 35% and 
14% i n  1965,  1966 and 1967,  r e s p e c t i v e l y .  

Shipping r e c o r d s  were compared over  t h e  same 3-year per-  
iod .  Sh ippers  were grouped i n t o  c a t e g o r i e s  on t h e  b a s i s  of 
p e r c e n t a g e  of c a r s  r e j e c t e d  d u r i n g  t h e  3-year p e r i o d  [Table  23. 

This  i n v e s t i g a t i o n  was made p o s s i b l e  th rough  a  g r a n t  sup- 
p l i e d  by t h e  lyashington S t a t e  P o t a t o  Commission. 

2/ 1966 Yashington S t a t e  P o t a t o  Conference Proceedings ,  pp. - - . A  - - .  
1 4 Y - 1 3 4 .  

3/ Based on r e c o r d s  prov ided  by Kr. IT. J .  I r e y .  Supe rv i so r ,  - 
Fresh Produc ts  I n s p e c t i o n ,  Fede ra l -S t a t e  I n s p e c t i o n  S e r v i c e  
and h". Fred Xamsey, kfaaager, Y1ashington S t a t e  P o t a t o  Com- 
mis s ion ,  Yakima, I?'ashington. 

4/ 1967 'Yashington S t a t e  P o t a t o  Conference Proceedings  pp. - 



Table 1. Railroad c a r  shipments and r e j e c t i o n s  i n  1965, 

1966 and 1967. 

T o t a l  T o t a l  Cars Rejected 
Cars Shipped Cars ~ e j e c t e & l  Percent  

1 9 6 a  8009 686 8.6 

19662~ 8045 984 12.2 

196751 6696 408 6 . 1  

g Based on Reinspect ion C e r t i f i c a t e s  only 

By 31  sh ippe r s  from J u l y  1 t o  November 19, 1965 

3 By 29 sh ippe r s  from J u l y  1 t o  October 31, 1966 

51 By 32 sh ippe r s  from Ju ly  1 t o  November 14,  1967 

Table  2. Shippers  grouped according t o  pe rcen t  of c a r s  r e j e c t e d  due t o  

b l ack  s p o t  and tube r  decay f o r  a combined 3-year per iod ,  1965, 

1966 and 1967L1 

Percent  of 
cars shipped Number of Cars shipped L Cars r e j e c t e d  

categoryL1 r e j e c t e d  sh ippe r s  number percent2'  number percentfl/  

4 < 1.5  6 4,872 17.5 9 8 4.7 

5 va r ious  15  4,398 15.7 416 20.0 

T o t a l  27,891 100.0 2,079 100.0 

g Based on Federa l  and state i n s p e c t i o n  and r e i n s p e c t i o n  c e r t i f i c a t e s  only.  

21 Shippers  inc luded  i n  c a t e g o r i e s  1 through 4 shipped a l l  t h r e e  yea r s ;  

sh ippe r s  i n  ca tegory  5 shipped i n  only 1 o r  2 y e a r s  of t h e  3-year 

pe r iod .  

2' Percent  of t h e  t o t a l  c a r s  shipped f o r  t h e  3-year per iod .  

3 Percent  of t h e  t o t a l  c a r s  r e j e c t e d  f o r  t h e  3-year pe r iod .  





These c a t e g o r i e s  were a s  fo l lows :  g r e a t e r  t h a n  10% , 5-loo;, 
1.5-5% and l e s s  t h a n  1 .5% 5/. 4 f i f t h  c a t e g o r y  was made f o r  
t h o s e  who shipped i n  o n l y  Cne o r  2  y e a r s  of t h e  3-year pe r iod .  

Four s h i p p e r s  had g r e a t e r  t h a n  10% of t h e i r  shipments re -  
j e c t e d  [Category 11. These 4 shipped bu t  8.9% of t h e  t o t a l  
c a r s  s h i p  ed f o r  t h e  3-year p e r i o d ,  bu t  had 23.6% of t h e  c a r s  
r e j e c t e d  ?Table 21. I n  c o n t r a s t .  t h o s e  i n  c a t e g o r y  4 ,  each of 
whom had l e s s  t h a n  1.5% of t h e i r  c a r s  r e j e c t e d ,  shipped 17.5% 
of t h e  t o t a l  c a r s  and had on ly  4.7% of a l l  r e j e c t i o n s .  The 
l a r g e s t  p r o p o r t i o n  of t h e  s h i p p e r s  who shipped i n  a l l  3 y e a r s  
f e l l  i n t o  t h e  t h i r d  c a t e g o r y ,  1 . 5  t o  5% r e j e c t i o n s .  These 1 0  
s h i p p e r s  shipped 48% of t h e  t o t a l  c a r s  and were involved i n  
39 .7s  of t h e  r e j e c t i o n s .  The t h r e e  s h i p p e r s  i n  ca t ego ry  2 ,  
5-10% r e j e c t i o n s ,  sh ipped  9.9% of t h e  t o t a l  c a r s  and had 12;$ 
o f  a11  c a r s  r e j e c t e d .  

F f f e c t  of Pre-Storage Condi t ions  on B a c t e r i a l  
S o f t  Rot of P o t a t o  Tubers 

INTRODUCTION 

Environmental c o n d i t i o n s  such a s  mo i s tu re ,  t empera ture  
and oxygen, a s  w e l l  a s  a v a i l a b l e  food s u p p l i e s  a r e  impor tan t  
f a c t o r s  i n  t h e  growth of micro-organisms. 4 f t e r  h a r v e s t ,  
p o t a t o  t u b e r s  a r e  washed, s o r t e d ,  packaged p r i o r  t o  being load- 
ed i n t o  r a i l r o a d  c a r s .  These o p e r a t i o n s  r e s u l t  i n  wounds and 
b r u i s e s  through which micro-organisms may e n t e r  and p r o v i d e  a  
wet and warm environment f o r  t h e i r  growth,  e s p e c i a l l y  du r ing  

l y  f a l l  when ambient t empera tu re s  a r e  high.  
Tubers  may remain warm and wet f o r  s e v e r a l  days  a f t e r  l oad ing  
b e f o r e  i c i n g  lowers  t empera tu re  i n  t h e  c a r  t o  a  p o i n t  where 
decay  w i l l  be p revented  o r  g r e a t l y  reduced.6/ Low l e v e l s  of 
oxygen i n c r e a s e  decay caused by b a c t e r i a .  T h i s  c o n d i t i o n  
might  occu r  i n  p o l y e t h y l e n e  bag o r  box packaging where t u b e r s  
u t i l i z e  t h e  oxygen i n  t h e i r  normal r e s p i r a t i o n  p r o c e s s e s  with- 
i n  t h e  c o n t a i n e r s  and r ep l en i shmen t  of t h i s  oxygen i s  r e s t r i c t -  
ed. The fo l lowing  experiment was designed t o  de te rmine  t h e  in-  
f l u e n c e  of v a r i o u s  c o n d i t i o n s  on b a c t e r i a l  s o f t  r o t .  

5 /  - For  example, t o  be grouped i n  t h e  " g r e a t e r  t h a n  10%'' r e -  
j e c t i o n  c a t e g o r y ,  a  s h i p p e r  would have had t o  have more 
t h a n  10% of t h e  c a r s  shipped r e j e c t e d  f o r  b l ackspo t  r i r r e s -  
p e c t i v e  of t u b e r  decay] and ,  a t  t h e  same t i m e ,  g r e a t e r  t h a n  
10% of c a r s  s h i p  ed would have had t o  have been r e j e c t e d  
f o r  t u b e r  decay 7 i r r e s p e c t i v e  of b l a c k s p o t ]  i n  a t  l e a s t  2 
of f h e  3 y e a r s  r e p o r t e d .  

t/ :Veaver, hI.L., and T. 4 .  I r e r r i l l .  4mer. P o t a t o  J. 42:223-239. 
- 1965. --TO-- 



OBJECTIVE: To de te rmine  t h e  e f f e c t  of m o i s t u r e  and h igh  temp- 
e r a t u r e  on b a c t e r i a l  s o f t  r o t  of p o t a t o  t u b e r s  dur ing  s t o r a g e  
under  2  oxygen l e v e l s .  

MBTFBIALS AND ~{ETHODS : 

qnvironmental  chambers: Environmental  chambers were de- 
s i g n e a  t o  c o n t r o l  m o i s t u r e  and oxygen su r round ing  t h e  t u b e r s .  
Each chamber c o n s i s t e d  of an  8" x  10"  x  24" po lye thy lene  bag 
suppor ted  a t  t h e  o u t s i d e  by a  w i r e  frame. The chamber was p l a c -  
ed upon a  9" x 14"  t r a y  f o r  e a s e  of handl ing .  

P o t a t o  t u b e r s :  P o t a t o  t u b e r s  r4-8 oz.] were washed, s o r t -  
ed and t r a n s p o r t e d  from t h e  s h i p p i n g  p o i n t  t o  t h e  l a b o r a t o r y .  
4 t  t h e  l a b o r a t o r y  t h e y  were dipped i n  t a p  wa te r  s o  t h a t  a l l  ' 

were uniformly wet. Ten t u b e r s  were p l a  chamber. 
Both ? u s s e t  Burbank and Norgold Russe t  po t i e s  were 
t e s t e d ,  

: Four t empera tu r  v ided  temp- 
and 70 d e g r e e s  ??, r e s p e c t i v e l y .  e r a t u  

Oxygen t r ea tmen t s :  Tach t 
ma in t a ln  a tmospher ic  a i r  r20.5% 
g a s  t o  reduce  oxygen l e v e l  t o  a b  

Mois ture  - t r e a t m e n t s :  
Viet: F ive  hundred m i l l i l  

ed t o  t h e  m t o m  of each chamber. 
ima te ly  3/4" deep a f t e r  placement of  t h e  1 0  t u b e r s .  

: Previous  exper iments  showed t h a t  t u b e r s  w i t h  
d r y  s u r f a c e s  d i d  n o t  b reak  down under  normal o r  low oxygen l e v e l  
a t  50, 55, 60 o r  70 degrees  F.7/ Low oxygen and h igh  tempera- 
t u r e  [ a0  deg rees  F] a r e  t h e  cof id i t ions  most l i k e l y  t o  s t i m u l a t e  
breakdown of d r y  t u b e r s .  Only one d r y  t r e a t m e n t ,  70 deg rees  F 
and low oxygen l e v e l ,  was t h e r e f o r e  inc luded .  For t h i s  t r e a t -  

e r s  were p l aced  on a  wire frame w i t h i n  t h e  chamber 
o i s t u r e  added, except  t h a t  t h e  t u b e r s  were dipped i n  

i t i a l l y  i n  t a p  water .  

Pre -s to rage :  b e - s t o r a g e  c o n s i s t e d  of ho ld ing  t h e  chamber -- 
con ta rn lng  t h e  Eubers 2nd t a ?  w a t e r  a t  70 deg rees  F f o r  0 ,  1, 
2 o r  3 days and then  t r a n s f e r r i n g  t h e  chambers t o  t h e  r e s p e c t i v e  
te inpers ture  rooms, where t hey  were he ld  f o r  8 days under t h e  
oxygen t r ea tmen t s .  

Re l i c a t i o n .  Tach t r e a t m e n t  f o r  a tmospher ic  l e v e l  of oxy- 
' gen,  T 7 k E T X T i  oxygen and f o r  t h e  0 ,  1, 2 an6 3-day p re - s to r -  

age was r e p l i c a t e d  4  t i m e s  i n  each of t h e  5 t empera tu re  rooms. 
'Che experiment was r epea t ed  t w i c e  u s ing  Norgold Russe t  and once 
us ing  Busset  Burbank v a r i e t i e s .  

Tuber decay measurements : Xach t u b e r  w a s  r a t e d '  on a  "0" ,. .. - 
t o  ~ ~ l F s c ~ , r ~ ,  where "r!': ind 'Eata 'd  ?n:, deca 
practics1:Ly a!.! of t h s  t ~ t b e r  . <c=y!d. The 

7/ 1967 '"ash. % a t e  P o t a t o  Conf. Proc.  pp. 127-135. - 
--71-- 



t o  p e r c e n t  of t u b e r  a r e a  decayed, Decay was eva lua ted  a t  t h e  
end of each of t h e  0 ,  1, 2 and 3 days i n  t h e  70 degree  F p re -  
s t o r a g e  c o n d i t i o n  and a t  t h e  end of 8 days i n  t h e  40, 50, 60 
and 70 degree  F s t o r a g e  c o n d i t i o n s .  

RESULTS : 

No appa ren t  d i f f e r e n c e s  i n  s o f t  r o t  were noted f o r  Russe t  
Burbank o r  Norgold Russe t ,  s o  t h e  r e s u l t s  of t h e  3 t r i a l s  were 
combined. Tubers  r e c e i v i n g  t h e  d r y  m o i s t u r e  t r ea tmen t  and s to -  
r e d  f o r  8 days  a t  70 degrees  F under  low oxygen d id  n o t  decay. 

I n  t h e  wet t r e a t m e n t ,  decay was i n i t i a t e d  i n  t h e  a r e a  of 
t h e  t u b e r  t ouch ing  wate r .  Itlet t u b e r s  r e c e i v i n g  low oxygen 
t r e a t m e n t  were c o n s i d e r a b l y  more decayed t h a n  t h o s e  r e c e i v i n g  
an  a tmospher ic  l e v e l  of oxygen, T h i s  i n c r e a s e  i n  decay was 
no ted  f o r  each s t o r a g e  tempera ture  and f o r  each p re - s to rage  
t r e a t m e n t ,  except  a t  40 degrees  F t empera tu re  and 0 day pre-  
s t o r a g e  where no s o f t  r o t  occur red  [Fig. 2 3 .  

Tubers examined a f t e r  0 ,  1, 2 and 3 days of p re - s to rage  
t r e a t m e n t s  had 0$, o%, 3 %  and 5% s o f t  r o t ,  r e s p e c t i v e l y .  A l -  
though t h e r e  was no s o f t  r o t  a f t e r  l day of p re - s to rage  t r e a t -  
ment, 4% s o f t  r o t  occur red  i n  t h i s  t r e a t m e n t  a f t e r  8 days  a t  
40 deg rees  F under low oxygen, bu t  none occur red  under t h e  
a tmospher ic  l e v e l  of oxygen. No decay occur red  when t u b e r s  
r e c e i v e d  0  day p re - s to rage  t r e a t m e n t  and were s t o r e d  a t  40 de- 
g r e e s  F w i t h  e i t h s r  l e v e l  of oxygen. Even a  40 degree  F temp- 
e r a t u r e  d i d  n o t  p reven t  f u r t h e r  decay when s o f t  r o t  was e v i d e n t .  
p r i o r  t o  s t o r a g e ,  4 t empera ture  of 50 degrees  F and a tmospher ic  
l e v e l  of oxygen d i d  n o t  comple te ly  p reven t  decay even w i t h  0 
day p re - s to rage .  The amount of s o f t  r o t  was g r e a t e s t  i n  t u b e r s  
which decayed i n  r e - s t o r a g e  fo l lowed by s t o r a g e  i n  t h e  high- 
e s t  t empera tu re s  ? 70 degrees  F]. 

E f f e c t  of v a r i o u s  c o o l i n g  methods on t u b e r  decay 
i n  r a i l  c a r  shipments .  

I n t r o d u c t i o n  

P o t a t o  t n b e r s  which a r e  warm, wet from washing, and b r u i s -  
ed th rough  h a r v e s t  and s o r t i n g  o p e r a t i o n s ,  a r e  ve ry  s u s c e p t i b l e  
t o  decay by b a c t e r i a l  decay organisms.  Any t r e a t m e n t  which 
q u i c k l y  l ower s  t h e i r  t empera ture  i n  r a i l r o a d  c a r s  should  inh ib-  
it o r  r educe  decay caused by b a c t e r i a .  Low l e v e l s  of oxygen 
i n c r e a s e  decay. Th i s  c o n d i t i o n  might  p o s s i b l e  occur  i n  a  t i g h t -  
l y  c l o s e d  mechan ica l ly  r e f r i g e r a t e d  c a r  a f t e r  about  a  week i n  
t r a n s i t .  The fo l lowing  experiment was des igned  t o  s t u d y  t h e  ef-  
f e c t  of d i f f e r e n t  methods of c o o l i n g  on decay and t o  de te rmine  
i f  low l e v e l s  of oxygen developed i n  r a i l w a y  shipments.  

Ob ' ec t ives  To compare t h e  e f f e c t i v e n e s s  of i c i n g  and mechan- 
r e  r i g e r a t i o n  and p r e - c h i l l i n g  on t u b e r  decay. To d e t e r -  

mine i f  low l e v e l s  of oxygen e x i s t e d  i n  r a i l  c a r s .  
--72-- 
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Methods: Two shipments  of 4 r a i l  c a r s  each of Russe t  Burbank 
P" s were shipped Augast 1 6  and August 26 by Balcom & Moe, 
Inc . ,  Pasco,  !Yashington t o  Newark, New Jersey .  These sh ip-  
ments  a r r i v e d  a t  Newark 7  days  l a t e r .  In format ion  concerning 
t y p e s  of c a r s  used,  and hand l ing  procedures  is  l i s t e d  i n  Table 
3.  Sacked t u b e r s  were p l a c e d  i n  a  mechanica l ly  r e f r i g e r a t e d  
s t o r a g e  room f o r  24 hour s  t o  p s e - c h i l l .  Two Ryan tempera ture  
r e c o r d e r s  were p l aced  i n  each c a r  - one on t h e  f l o o r  and t h e  
o t h e r  on t h e  w a l l  8/ approximate ly  6 f e e t  above t h e  f l o o r ,  
F i f t y  f e e t  of po lyZthylene  t u b i n g  [1/4 OD] was p l aced  i n  each 
c a r  a t  l o a d i n g  i n  Pasco f o r  l a t e r  de t e rmina t ions  of oxygen i n  
Newark. One end of t h e  t a b i n g  was l o c a t e d  a t  t h e  c e n t e r  of 
t h e  c a r  and t h e  o t h e r  end a t  t h e  middle door. A t  Newark, t h e  
door  was c racked ,  t h e  t u b i n g  was connected t o  a  Beckman Model 
D oxygen a n a l y z e r ,  and a i r  was drawn through t h e  t u b i n g  from 
t h e  c e n t e r  of t h e  c a r  f o r  a n a l y s i s .  

R e s u l t s :  One mechanical ly  cooled  c a r  i n  t h e  f i r s t  shipment 
was t u r n e d  down by USDA i n s p e c t o r s  w i t h  1% s o f t  r o t .  These 
decayed t u b e r s  were p e r s o n a l l y  i n s p e c t e d  by Gene D. Easton a t  
Newark and found t o  have wate r  r o t  caused by t h e  fungns,  PYTH- 
PUvl ULTIMUM, and n o t  s o f t  r o t  caused by b a c t e r i a .  B a c t e r i a l  
s o f t  r o t  d i d  n o t  develop under t h e  c o n d i t i o n s  of t h i s  exper i -  
ment. The t empera tu re  r e c o r d s  f o r  t h i s  mechanica l ly  r e f r i g -  
e r a t e d  c a r  showed t h e  f l o o r  t empera tu re  t o  have been lowered 
t o  about  47 deg rees  I? 2 4  hour s  a f t e r  l oad ing ,  and t o  have r e -  
mained a t  t h a t  t empera ture  d u r i n g  t r a n s i t .  '"iater r o t  had been 
foaanid i n  t h e s e  p o t a t o e s  d u r i n g  t h e  s o r t i n g  o p e r a t i o n s  a t  Pasco 
and t h e r e f o r e  probably  developed from i n f e c t e d  t u b e r s  dn r ing  
t r a n s i t .  That  wa te r  s o t  occu r red  i n  t h e  mechanica l ly  cooled  
c a r  bu t  n o t  i n  c a r s  is  thought  t o  have r e s u l t e d  by 
chance a l o n e  and e  t o  t h e  e f f e c t  of any coo l ing  t r e a t -  
ment. 

The c o o l i n  n t s  whic 
50 deg rees  F on t h e  c a r  f l o o  

s e d ,  based on r e c o r d s  i n  t h e  
[Fig$. 3.41, were a s  fo l lows :  111 t u b e r s  p r e - c h i l l e d  and c a r  
p re - iced  Cquickest] ;  121 c a r  mechanica l ly  r e f r i g e r a t e d ;  131 
c a r  p re - iced  o r  t u b e r s  p r e - c h i l l e d ,  loaded d ry ,  and c a r  i c e d  
a f t e r  l o a d i n g ;  [4] c a r  i ced  a f t e r  l oad ing  [s lowest] .  F loo r  
t empera tu re s  i n  t h e  mechan ica l ly  r e f r i g e r a t e e  c a r s  were down 
t o  50 deg rees  F o r  below w i t h i n  2 4  hour s  a f t e r  t h e  doors  were 
c losed .  It  took  48 h o u r s  o r  l o n g e r  f o r  t empera tu re s  i n  t h e  
c a r s  which were i c e d  a f c e r  l o a d i n g  t o  g e t  down t o  50 degrees  F. 

Lack of oxyffen i n  t h e  t e s t  c a r s  d i d  n o t  appea r  t o  be a  
problem [Table 33. Normal emounts of oxygen were found a t  NcY;- 
a r k  b e f o r e  unloading i n  a l l  4 c a r s  shipped from Pesco on lugus t  
16. 

8/' - Crar1 t empera tu re  d a t a  n o t  inc luded  i n  t h i s  r e p o r t .  
--74-- 







Summary 

. Reinspec t ion  c e r t i f i c a t e  a n a l y s i s .  

1. Analys i s  of c e r t i f i c a t e s  showed t h a t  6.1% of t h e  c a r s  
shipped were r e j e c t e d  due t o  t u b e r  d e f e c t s  i n  1967 a s  
compared t o  8.6% and 12.2% i n  1965 and 1966, r e s p e c t -  
i v e l y .  

2. Tuber decay was much more of a  problem t h a n  b l ackspo t  
i n  1967. 

B. Xf fec t  of p r e - s t o r a g e  c o n d i t i o n s  on b a c t e r i a l  s o f t  r o t  of 
p o t a t o  t u b e r s .  

Newly ha rves t ed  Russet  Burbank and Norgold p o t a t o  
t u b e r s  were p l a c e d  under  a  wet t r e a t m e n t  f o r  0 ,  1, 2 and 3 
ddys rpre -s to rage]  a t  70 degrees  P and t h e n  p l a c e d  a t  40, 
50,  60 o r  70 deg rees  F f o r  8  days under e i t h e ~  a tmospher ic  
oxygen l e v e l  r20.5%] o r  low oxygen l e v e l  [about  4%]. 

1. 3 r y  t u b e r s  helcl a t  70 degrees  F and low oxygen d i d  n o t  
decay a f t e r  8 days .  

2. Tubers r e c e i v i n g  a wet t r e a t m e n t  showed more decay un- 
d e r  low oxygen t h a n  t h o s e  under atmospheric. Levels  of 
oxygen f o r  a l l  s t o r a g e  room t empera tu re s ,  

3 .  No v i s i b l e  decay was observed a f t e r  1 day of p re - s to r -  
age a t  70 deg rees  F; however, 4% of t h e  t u b e r s  from 
t h i s  p re - s to rage  t r e a t m e n t  decayed when sLored f o r  8  
days a t  40 deg rees  F under low oxygen, b u t  no decay 
occurred a t  normal a tmospher ic  l e v e l  of oxygen. 

4. 1 40 degree  F s t o r a g e  t empera tu re  comple te ly  p reven ted  
t u b e r s  w i th  0  days p r e - s t o r a g e  he ld  a t  a t -  

mospheric l e v e l s  of oxygen f o r  8  days  [20.5%] wh i l e  t h e  
50 degree  F t empera tu re  d i d  n o t .  

C. R a i l  c a r  s h i -  , . ? n t s  from Pasco,  !t'ashir:gton t o  Newark, New 
Je r sey .  

1. Two shipments  of 4 c a r s  each were sh ipped  August 1 6  and 
26. Yach shipment c o n s i s t e d  o f :  a  mechan ica l ly  r e f r i g -  
e r a t e d  c a r ;  a  c a r  i c e d  be fo re  l o a d i n g ;  a  c a r  i c e d  a f t e r  
l oad ing ;  a  c a r  i c e d  a f t e r  be ing  loaded  w i t h  p r e - c h i l l e d  
t u b e r s .  r I n  t h e  second shipment ,  t h e  l a t e r  c a r  was i ced  
p r i o r  t o  l oad ing  wi th  p r e - c h i l l e d  t u b e r s . ]  

2. Cooling t r e a t m e n t s  which q u i c k l y  lowered t h e  tempera- 
t u r e  a t  t h e  f l o o r  l e v e l  a f t e r  t h e  d o o r s  were s h u t ,  
were a s  f o l l o ~ v s :  r l  t u b e r s  p r e - c h i l l e d  and c a r  p re -  
i c e d  [qu ickes t ] ;  12 I c a r  mechan ica l ly  r e f r i g e r a t e d ;  
r 3 ]  c a r  pre- iced o r  t u b e r s  p r e - c h i l l e d ,  l oaded  d r y ,  and 
c a r  i c e d  a f t e r  l o a d i n g ;  r42 c a r  i c e d  a f t e r  l o a d i n g  [slow- 
e s t ] .  --77-- 



3. Floor temperatures i n  t h e  pre-iced c a r  loaded with ch i l -  
l e d  t ube r s  were approsimately 40 degrees F within 24 
hours a f t e r  t h e  doors were closed. 

4. Floor temperature i n  t h e  mechanically r e f r i ge ra t ed  ca r  
was 47 degrees F [which was the  temperature s e t  on t h e  
c a r  thermostat]  wi th in  2 4  hours a f t e r  doors were closed. 

5. Other t rea tments  required  48 hours of longer f o r  t h e  
f l o o r  temperature t o  reach 50 degrees F. 

6 .  Lack of oxygen did not  appear t o  be a problem, s ince  
a l l  the  t e s t  c a r s  contained normal l e v e l s  of oxygen a t  
des t ina t ion .  



Table 3- I n f o m a t i o n  and d a t a  recorded from tvo  rai l  car shipmts of 

Russet Burbank Po ta toes  shipped from Pasco, Washington to 

Newark, New J e r s e y  

A. Loadinn informat ion  at  Pasco 

Treatment Date of 
number 

Tuber 
shipment Car T Y P ~  Car 1ce&/ T r e a t m e n t 3  Sacks (cwt) 

1 A u ~ .  16  M.R. -- S.T. 6 70 

2 1 6  S.B. A. L. S.T. 500 

3 Aug. 16  B.L. S.T. S. 500 

4 Aug. 1 6  A.L. P.C. S. 425 

5 Aug. 26 M.R. -- S.T. 665 

6 Aug. 26 S.B. A.L. S.T. 500 

7 Aug. 26 S.B. B.L. S.T. 500 

8 Aug. 26 S.B. B.L. P.C. 442 

S -  = d a d  B e ;  M.R. = mechanical refrinration 

a A.L. = A f t  loading;  B.L. = before loading 

3 S.T. = Standard t rea tment  (not pre-chi l led);  p.c. . Pre-cbi l led 

- lent  tern 
Treatment at +J-- 

number 

1 105 68 79 48. normal 

2 105 76 80 43.  normal 

3 105 70 79 46 normal 

4 105 76 5 9 1  .47. normal 

5 95 -2 75 -- -- 
6 95 -- 75 -- -- , . 

7 95 -- 73 -- -- 
8 95 -- 5 d /  -- -- 

Tubers i n  c h i l l e r  24. hours+raa-t*-fo - .  
No records taken -79.- 



Table 3 (continued) 

C .  ~ ~ ~ ~ ~ ~ t i ~ n  a d  enviromental data taken a t  Newark 

~ ~ ~ ~ t ~ ~ ~ t  Doornay temp. O F  % Grade % Black Soft Car 

number TOP ~ o t t o m  ~ e f e c t s g  Spot R O ~  Rejected 

3 1 a 47 47 Yes 1 

b ,  l e s s  than 1% 


