
The S t a t e  of Washington ranks 4th a s  a  po ta to  producer. 
High a c r e  y i e l d s  i n  t h e  Columbia Basin a r e  responsible  f o r  
t h e  l a r g e  production. Not only a r e  t h e  ac re  p ie l l i s  t h e  high- 
e s t  i n  t h e  nat ion,  but  t h e  dry mat te r  content of t h e  pota toes  
is a l s o  among t h e  h ighes t  produced anywhere. I f  t h i s  s i tua -  
t i o n  can be maintained, Washington, over t h e  long p u l l ,  should 
remain i n  a  competit ive pos i t i on  i n  both t h e  f r e s h  market and 
i n  t h e  processing indust ry .  

Pota toes  a r e  p lanted  continuously from about mid March 
u n t i l  June, and harvested almost continuously from e a r l y  July  
u n t i l  mid November. Obviously, no one f e r t i l i z e r  ~ecommenda- 
t i o n  w i l l  adequately provide t h e  needs of po ta to  crops with 

s i n  t h e  pos s ib l e  l eng th  rowing 

t a t 0  y i e l d s  enhance Washing s com- 
p e t a t i v e  pos i t i on .  t h e  q u a l i t y  of t h e  pota toes  produced is 
a l s o  of importance. A high percentage of No.1 grade tubers  
is always des i r ab l e ,  but very high s p e c i f i c  g r a v i t y  of t h e  
t u b e r s  is des i r ab l e  only f o r  most forms of po ta to  processing. 
But even f o r  processing,  t h e  value of high s p e c i f i c  g r av i ty  
must be balanced aga ins t  t h e  c o s t  of o ther  f a c t o r s  involved, 
such a s  hand l abo r  f o r  par ing blackspots  a t  a  trimming tab le .  

High s p e c i f i c  g r a v i t y  po t a toes  a r e  de s i r ab l e  f o r  most 
forms of processing,  baking, and mashing, but  t h e  po ta toes  
slough, and f a l l  apa r t  when 
genera l  purpose po t a to  and t 
s a t i s f a c t i o n  of t h e  housewife 

I t  was the  custom i n  t h e  p a s t  t o  th ink  of a  f e r t i l i z e r  
response only  i n  terms of s a l e a b l e  potatoes.  In the  fu tu re ,  
a  f e r t i l i z e r  response would a l s o  be considered i n  terms of 
s a t i s f a c t i o n  t o  t h e  f r e s h  consumer, reduction i n  p r i c e  ad- 
justments from blackspot ,  and e l iminat ion of hand labor  a t  
t h e  trimming t a b l e s  i n . 9  process ing p lan t .  

It should never be fo rgo t ten  t h a t  maximum y i e l d s  of high 
q u a l i t y  po ta toes  a r e  t h e  r e s u l t  of t h e  i n t e g r a t i o n  of a t  l e a s t  
17  f a c t o r s  and not  t h e  r e s u l t  of one f a c t o r  alone. Of t h e  17 
f a c t o r s ,  1 0  can be more o r  l e s s  grower control led .  In our ex- 
perimental  work we endeavor t o  provide optimum condi t ions  f o r  
growth by manipulation of t h e  con t ro lab le  f ac to r s .  

I n  1966 it was shown t h a t  t h e  most economical amount of 
f e r t i l i z e r  t o  use was dependant upon t h e  time of harves t  [Fig. 
1 3 s  Early crops of po ta toes  were smal ler  than l a t e  harvested 
crops  of po ta toes  and t h e r e f o r e  required  l e s s  f e r t i l i z e r .  



Fig. 1--Yield of amount of plant nutrients 
required are re1 ength of the growing season. 



Other s t u d i e s  wi th  t h e  Russet Burbank have shown t h a t  
t h e  amount of f e r t i l i z e r  which can be p r o f i t a b l y  used was a t  
l e a s t  i n  p a r t ,  dependant upon t h e  number of p l a n t s  [Fig. 31. 

Fig. 3--The number of plants and not the number of acres to  
fer t i l ize  should determine the amount of plant nutrients 
required. 

a b l y  decreas ing  t h e  grade ,  t h e  s e c i f i c  g r a v i t y ,  o r  impair ing 
t h e  q u a l i t y  of t h e  c h i p s  [Fig. 4. These r e s u l t s  a r e  i n  con- 
t r a s t  t o  many of t h e  r e p o r t s  publ i shed  on t h e  sub jec t .  

A comprehensive s tudy  was undertaken i n  1967 t o  determine 
t h e  cond i t ions  under which high f e r t i l i z a t i o n  was b e n e f i c i a l  
f o r  high y i e l d s  without  s e r i o u s  d e t r i m e n t a l  e f f e c t s  on t u b e r  
grade  o r  q u a l i t y .  I n  t h i s  s tudy  t h e r e  were 4 p l a n t i n g  d a t e s ,  
each 2 weeks a p a r t  [March 30, A p r i l  15 ,  Apr i l  30, and May 151, 
A 16-16-16 f e r t i l i z e r  was used a t  5 rates--625, 1250, 1875, 
2800, and 3125 pounds p e r  acre .  There were 4 ha rves t  d a t e s ,  
each a  month apart--July 15 ,  August 15 ,  September 15 ,  and 
October 15. Each t rea tment  was r e p l i c a t e d  8  t imes.  

To make t h e  e  p roduc t ive  of information a s  
p o s s i b l e ,  da ta  were taken on 9 f a c t o r s  which a r e  important 
d i r e c t l y  o r  i n d i r e c t l y  t o  t h e  farmer,  t h e  f r e s h  consumer, t h e  
p rocessor ,  and t h e  f e r t i l i z e r  indus t ry .  The 9 f a c t o r s  con- 
s i d e r e d  were y i e l d ,  grade.  s p e c i f i c  g r a v i t y ,  ch ip  c o l o r ,  
b l ackspo t ,  minera l  n u t r i e n t s  i n  t h e  t o p s  and t u b e r s ,  s i z e  of 
p l a n t ,  number of t u b e r s  and t ime of dea th  of t h e  p l a n t s .  

The l and  used f o r  t h e  s t u d y  was i n  wheat t h e  p rev ious  
y e a r ,  b u t  most of t h e  s t raw was ba led  and removed. The s t a t e  
of f e r t i l i t y  was s o  low t h a t  wi thout  supplement f e r t i l i z a t i o n ,  
t h e r e  was almost no p o t a t o  p l a n t  growth. 
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P l a n t s  p e r  a c r e ?  Each i c h  a r i s e s  a t  t h e  seed 
p i e c e  h a s  its own t u b e r  s e t  and r o o t  system. The number of 
s e e d  p i e c e s  p l a n t e d  i s  a  poor  i n d i c a t o r  of t h e  number of 
p l a n t s  which must u l t i m a t e l y  be f e r t i l i z e d  [Fig. 51. Vhen 
t h e  s eed  was p l a n t e d  on March 3 0 ,  t h e r e  was an  average of 
1 .6  p l a n t s  p e r  s e e d  p i ece .  Vhen t h e  same seed  and seed p i e c e  
s i z e  was p l a n t e d  May 1 5 ,  t h e r e  was an  average  of 2 . 4  p l a n t s  
p e r  seed  p i e c e .  Thus, w i t h  March 3 0  p l a n t i n g s  t h e r e  were 
33,178 p l a n t s  p e r  a c r e  whereas w i t h  t h e  May 1 5  p l a n t i n g  4 8 , 4 7 0  
p l a n t s  r e s u l t e d  from t h e  same number of seed  p i eces .  q ince  
each p l a n t  i s  an  i n d i v i d u a l ,  it is easy  t o  unders tand why 
f e r t i l i z a t i o n  on a  p l a n t  b a s i s  and n o t  on an  a c r e  b a s i s  should  
be p r a c t i c e d .  There appea r s  t o  be  a  d i r e c t  r e l a t i o n s h i p  be- 
tween t h e  number of p l a n t s  produced and t h e  number of t u b e r s  
formed [Fig.  61. Aster J u l y  1 5  t h e  number of p l a n t s  and t h e  

Fig. 6--A close relationship exists between the nmber 
of plants which develops a t  the seed piece and the 
number of tubers present a t  harvest time. 

number of t u b e r s  remained r e l a t i v e l y  c o n s t a n t  [Pig.  71.  J.ny 
i n c r e a s e  i n  y i e l d  between Suly 1 5  and October 15  must have 
been due t o  t u b e r  enlargement an6 n o t  an i n c r e a s e  i n  t h e  num- 
b e r  of  t u b e r s .  

The amount of f e r t i l i z e r  used had o n l y  a  minor e f f e c t  on 
t h e  number of p l a n t s  which developed from a  s eed  p i e c e .  The 
lower  r a t e  of  f e r t i l i z a t i o n  however, produced more p l a n t s  p e r  
seed p i e c e ,  on t h e  average ,  t h a n  d i d  t h e  h igh  r a t e  of f e r t i l i -  
z a t i o n  and t h e  d i f f e r e n c e  was more pronounced w i t h  t h e  hfay 1 5  
p l a n t i n g  t h a n  w i t h  t h e  ?Parch 30 p l a n t i n g  [Fig .  81.  
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Fig. ?--The number of plants which developed at the seed 
piece and the number of tubers present at each harvest 
date remained the same after July 15. 

Fig. 8--The amount of fertilizer 
a minor effect on the 
developed at 



4 s  i n  t h e  s t u d y  r e p o r t e d  i n  F i g u r e  1, when t h e  p o t a t o e s  
were h a r v e s t e d  i n  mid J u l y  t h e y  r e q u i r e d  l e s s  f e r t i l i z e r  t h a n  
when h a r v e s t i n g  was de layed  u n t i l  October. P o t a t o e s  f o r  har-  
v e s t  between J u l y  and October r e q u i r e d  i n t e r m e d i a t e  amounts of 
f e r t i l i z e r  rF ig .  93. The 1967 growing season  was extremely 

Fig. 9--The results of 1967 confirm previous findings 
relating yield of potatoes, and time of harvest 
t o  the amount of fer t i l izer  required. 

FiXINDS OF 16-16-16 FERTILIZER PER ACRE 

Fig. 10--High levels of f e r t i l i t y  result i n  low early 
yields of potatoes but produce the largest yields i f  
given a  long growing season. 
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ho i e l d s  were lower than  i n  1966. The top  y i e l d  
i n  1966 [Fig. 11, was over 700 C ~ T / a c r e ,  b u t  i n  1967 t h e  max- 
i m u m  y i e l d  was only a  l i t t l e  over 600 C ~ ~ / a c r e  [Fig. 101. 
The h ighes t  f e r t i l i z e r  r a t e  produced t h e  lowest y i e l d  e a r l y  
i n  t h e  season,  b u t  t h e  h ighes t  y i e l d  l a t e  i n  t h e  season. When 
a l l  t h e  da ta  f o r  f e r t i l i z e r  r a t e s  and h a r v e s t  d a t e s  a r e  com- 
bined t o  show only t h e  e f f e c t  of p l a n t i n g  d a t e s  on y i e l d ,  t h e r e  
was l i t t l e  d i f f e r e n c e  i n  y i e l d  between t h e  March 30 and Apr i l  
1 5  p l a n t i n g  d a t e s  [Fig. 111. In  g e n e r a l ,  t h e  y i e l d s  were a  
l i t t l e  h igher  f o r  t h e  Apr i l  1 5  p l a n t i n g .  Delaying t h e  p lant -  
ing  d a t e  u n t i l  Apr i l  30 and May 1 5 ,  however, r e s u l t e d  i n  pro- 
g r e s s i v e l y  lower y i e l d s .  The 1967 growing season was about 
two weeks behind t h e  1966 season and an a d d i t i o n a l  two weeks 
of warm weather e a r l y  i n  Apr i l  cauld have made a  s u b s t a n t i a l  
d i f f e r e n c e  i n  t h e  r e s u l t s .  The g e n e r a l  t r e n d  shown i n  Figure 
11 does no t  t a k e  i n t o  cons ide ra t ion  e i t h e r  t h e  e f f e c t  of har- 
v e s t  d a t e  o r  t h e  f e r t i l i z e  

Fig. 11--Generally a delay in p l  a 
certain period results in lower . 
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Regardless  of t h e  p l a n t i n g  d a t e  i n  1967, when t h e  d a t a  
f o r  a l l  t h e  f e r t i l i z e r  r a t e s  f o r  a  given p l a n t i n g  d a t e  a r e  
combined. t h e  t o t a l  y i e l d s  on October 1 5  were s i m i l a r ,  a s  was 
t h e  genera l  p a t t e r n  of t h e  growth curves  [Fig. 121. The rea-  
s o n . f o r  t h e  s i m i l a r i t y  is r e a d i l y  understandable when it is -,, 
r e a l i z e d  t h a t  r e g a r d l e s s  of t h e  r a t e  of f e r t i l i z e r  used, t h e  
p l a n t s  grew f o r  about t h e  same number of days. Note t h a t  t h e  
most r a p i d  r a t e  of i n c r e a s e  i n  y i e l d  occuraed during t h e  hot- 
t e s t  p a r t  of summer. Note t h a t t h e  l i n e s  r e p r e s e n t i n g  i e l d  
inc rease  f o r  t h e  e a r l i e s t  [March 301 and l a t e s t  [May 153  
p l a n t i n g  d a t e s  a r e  almost p a r a l l e l  between August 1 5  and Oct- 
ober 15. 
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Because of t h e  s i m i l a r i t y  i n  y i e l d  between t h e  March 30 
and A p r i l , l 5  p lan t ings ,  the  da ta  f o r  t he se  two d a t e s  were com- 
bined. Since the re  were 8 r e p l i c a t i o n s  of each treatment ,  
combining t h e  data  from t h e  two p lan t ing  d a t e s  r e s u l t e d  i n  
means of 16  value i n  each and made them considerably more re-  
l i a b l e .  Figure 1 4  shows t h e  r e l a t i o n s h i p  between t h e  amount 
of f e r t i l i z e r  used, t h e  r e s u l t a n t  y i e l d  and t h e  s p e c i f i c  grav- 
i t y  of t h e  tubers  i n  r e l a t i o n  t o  t h e  da t e  of harves t .  

cess ive  harvest 
141. The reduc 



flg. 15--There is a relationship amng t 
specific gravity of the potatoes md the 
of. the potatoes to  blackspot dm the potatas are planted 
early in April (last irrigation Sspt. 13). 

were yellow and many of t h e  lower l eaves  were dead. With 
each inc rease  i n  f e r t i l i z e r  r a t e ,  t h e r e  was a  corresponding 
decrease  i n  s p e c i f i c  g r a v i t y ,  decrease i n  b lackspot  and an 
inc rease  i n  t he  greeness  of t h e  vines.  This  t r end  continued 
through t h e  September ha rves t  d a t e  by which t ime most of t h e  
f o l i a g e  on t h e  p l a n t s  from t h e  e a r l y  p l a n t i n g s  and t h e  lower 
f e r t i l i z e r  r a t e s  was dead. By t h e  October 1 5  ha rves t  d a t e  
blackspot  was more severe  than  it was on t h e  September 1 5  
ha rves t  da t e ,  bu t  t h e  d i f f e r ences  i n  blackspot  s e v e r i t y  due 
t o  t he  r a t e  of f e r t i l i z e r  appl ied  pe r s i s t ed .  I r r i g a t i o n  was 
stopped September 13 and s i n c e  t h e  p l a n t s  were e s s e n t i a l l y  
dead, t h e r e  was very l i t t l e  l o s s  of water  through t r an sp i r a -  
t ion .  The t u b e r s  which were l e f t  i n  t h e  s o i l  u n t i l  t h e  Oct-o- 
b e r  ha rves t  were e s s e n t i a l l y  i n  high humidity s torage .  

The da ta  f o r  t h e  Apr i l  30 and May 1 5  p l a n t i n g  da tes  were 
a l s o  combined and t h e  r e s u l t s  a r e  shown [Fig. 161. The e f f e c t  
of ha rves t  d a t e s  and f e r t i l i z e r  r a t e s  on y i e l d  and s p e c i f i c  
g r a v i t y  of t h e  po t a toe s  a r e  s i m i l a r  t o  those  shown i n  Figure 
1 4  f o r  t h e  average e f f e c t s  of t h e  March 30 and Apr i l  1 5  p lan t -  
ing  dates--even t h e  e f f e c t s  of t h e  f e r t i l i z e r  r a t e s  on speci- 
f i c  g r a v i t y  and b lackspot  a r e  s i m i l a r  f o r  t h e  f i r s t  t h r e e  
ha rves t  da tes ,  but  high r a t e s  of f e r t i l i z a t i o n  increased  black- 
spo t  a t  a  more r ap id  r a t e  between t h e  September and October 
ha rves t  d a t e s  than  d i d  t h e  low r a t e s  of f e r t i l i z a t i o n .  This 
was a  change i n  f e r t i l i z e r  e f f e c t  on blackspot.  

Between t h e  September and October ha rves t  da t e s  some 
f a c t o r  o the r  t han  f e r t i l i z e r  p e r  s e  was in f luenc ing  t h e  degree 
of blackspot.  The g reenes t  v ines  a r e  now assoc ia ted  wi th  t h e  
most r ap id  r a t e  of i nc r ea se  i n  b lackspot  [Fig. 171. 
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The explanat ion  is found i n  t h e  f a c t  t h a t  t h e  water  was 
turned  off  on September 13 ,  a t  which time t h e  v ines  from t h e  
e a r l y  p lan ted  p l o t s  and t h o s e  rece iv ing  t h e  low f e r t i l i z e r  
r a t e s  were e s s e n t i a l l y  dead by September 15. Since water  was 
a p p l i e d  u n t i l  September 1 3  t h e  ground was mois t ,  and s i n c e  
t h e  v i n e s  were dead t h e  t u b e r s  were, e s s e n t i a l l y ,  i n  high hum- 
i d i t y  s t o r a g e  and would be expected t o  become more blackspot  
s u s c e p t i b l e  only very s lowly  s i n c e  once t h e  s u r f a c e  s o i l  is 
d r y ,  t h e  moisture evapora tes  s lowly from deeper i n  t h e  s o i l .  

I n  c o n t r a s t  n ,  t h e  l a t e s t  p lan ted  pota- 
t o e s  and t h o s e  r e  f e r t i l i z e r  were t h e  greenes t  
a t  t h e  t ime i r r i g  ed and would be expected t o  
d e p l e t e  t h e  s o i l  t u r e  most rap id ly .  This 
i n  t u r n  would ef f  b lackspot  according t o  t h e  
degree t o  which t t u r e  from t h e  t u b e r s ,  t h e  
g r e e n e s t  v i n e s  r e  . This  i s  a l s o  t h e  
exp lana t ion  f o r \ t  
and which a r e  p r e  



S W A R Y  

1. Pota toes  which a r e  p lan ted  f o r  e a r l y  July  harves t  
need Gss f e r t i l i z e r  than those  intended f o r  l a t e  harvest .  
The amount of f e r t i l i z e r  needed depends no t  alone on t h e  
time of harves t ,  but a l s o  upon t h e  p l a n t  population. The 
number of seed p ieces  p lanted  may be a  poor i nd i ca to r  of t h e  
number of p l a n t s  which need feeding. 

2.  The s p e c i f i c  g r av i ty  of po t a toes  can inc rease  o r  
d e c r e z e  qu i t e  r ap id ly  depending upon the  changes i n  s o i l  
moisture,  l o s s  of water through t r a n s p i r a t i o n  and v igo r  of 
t h e  p lan t s .  Potatoes harvested i n  Ju ly  were gene ra l l y  low 
i n  s p e c i f i c  g r av i ty  and excess f e r t i l i z a t i o n  depressed t h e  
s p e c i f i c  g r av i ty  even more. The r a t e  of inc rease  i n  s p e c i f i c  
g r a v i t y  of t h e  pota toes  growing a t  high l e v e l s  of f e r t i l i z a -  
t i o n  was endugh f a s t e r  than t h e  low f e r t i l i z e r  r a t e s  t o  make 
t h e  s p e c i f i c  g r a v i t i e s  about equal by t h e  end of t h e  growing 
season. 

Potatoes which had become badly blackspot suscep t ib le  
became markedly l e s s  suscep t ib le  by leaving them i n  moist 
s o i l  f o r  a  month. During t h i s  per iod,  t h e  tubers  decreased 
i n  s p e c i f i c  g r av i ty  due t o  a  l o s s  of d r y  mat ter  from resp i ra -  
t i o n  and t h e  absorpt ion of water through t h e  skins.  

Potatoes on green vines  became blackspot su scep t ib l e  
a f t e r  i r r i g a t i o n  was stopped and t h e  s o i l  d r ied  out. Asso- 
c i a t e d  with t h e  increase  i n  blackspot  was an increase  i n  
s p e c i f i c  gravi ty .  


