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INTRODUCTION 

The premium p r i c e  p a i d  f o r  t h e  Russe t  Burbank p o t a t o  is 
based on many f a c t o r s ,  such a s  its e x c e l l e n t  baking and f r y -  
i n g  q u a l i t i e s ,  i t s  long  shape,  and g e n e r a l  eye appea l .  One 
of t h e  f a c t o r s  i n  eye appea l  of r u s s e t s  is, of c o a r s e ,  i t s  
r u s s e t e d  sh in .  T h i s  r u s s e t i n g ,  a s  w e l l  a s  b e i n g  a t t r a c t i v e 9  
a l s o  p r o v i d e s  some mechanical  p r o t e c t i o n  and h e l p s  t o  mask 
and r e t a r d  t h e  dev.elopment of g reen  p igmen ta t ion  when t h e  
t u b e r s  a r e  exposed t o  l i g h t .  Each y e a r  many r u s s e t s  a r e  
grown which l a c k  o r  p a r t i a l l y  l a c k  t h e  c h a r a c t e r i s t i c  r u s s e t -  
ed sk in .  

Many t e rms  have been used t o  d e s c r i b e  t h i s  l a c k  of ru s -  
s e t i n g .  Some of t h e  more common ones  a r e :  smooth s k i n s ,  
s l i c k  ends ,  smooth t u b e r s .  and n e t t i n g  [ o r  l a c k  of it]. In 
t h i s  r e p o r t  we s h a l l  d e s c r i b e  t h e  degree  of r u s s e t i n g  a s  t h e  
pe rcen tage  of t h e  t u b e r  s u r f a c e  w i t h  smooth sk in .  

Commonly t h e  b a s a l  [stem] end of t h e  t u b e r  may be smooth 
wh i l e  t h e  a p i c a l  [bud] end may be w e l l  r u s s e t e d .  Th i s ,  how- 
e v e r ,  is n o t  always t h e  c a s e  a s  I have seen  t u b e r s  which were 
w e l l  r u s s e t e d  a t  bo th  ends and smooth i n  t h e  middle ,  c i r c u l a r  
a r e a s  of poor  r u s s e t i n g ,  and smooth a p i c a l  ends ,  e t c .  

I n  o r d e r  t o  e v a l u a t e  t h e  e f f e c t s  of v a r i o u s  exper imenta l  
t r e a t m e n t s ,  a  0-100 s c a l e  was e s t a b l i s h e d ,  t h e  s c a l e  being 
based on t h e  pe rcen tage  of t h e  t n b e r  s u r f a c e  w i t h  poor  rus -  
s e t i n g  [smooth skin] .  %%en t h e  average  r e a d i n g  is 1 0  o r  l ess ,  
it i n d i c a t e s  t h a t  t h e  t u b e r s  a r e  v e r y  w e l l  r u s s e t e d .  Readings 
of 15-25 i n d i c a t e  t h a t  a  l a c k  of r u s s e t i n g  would be  n o f i c a b l e ,  
w i th  c a s u a l  o b s e r v a t i o n ,  b u t  would n o t  s e r i o u s l y  a f f e c t  t h e  
eye appea l  of t h e  p o t a t o e s .  :#hen t h e  p e r c e n t a g e  of smooth 
s k i n  goes  above 25,  t h e  problem bgcomes more e v i d e n t  and a  
n o t i c a b l e  l o s s  i n  eye appea l  may t a k e  p l a c e .  

B r i e f l y  l e t  u s  l ook  a t  some of t h e  f a c t o r s  which have 
been r e p o r t e d  t o  i n f l u e n c e  r u s s e t i n g .  Soye of t h e s e  causes  
of smooth s k i n s  a r e  based on on ly  a  few o b s e r v a t i o n s  w h i l e  
o t h e r s  have been e x t e n s i v e l y  s t u d i e d .  

, Nitrogen f e r t i l i z e r s :  I n c r e a s i n g  r a t e s  of  n i t r o g e n  may re -  
duce t h e  amount of r u s s e t i n g .  

Phosphorus f e r t i l i z e r s :  I n c r e a s i n g  r a t e s  of phosphorus 
f e r t i l i z e r s  may be b e n e f i c i a l  t o  a l i m i t e d  e x t e n t .  

Potass ium f e r t i l i z e r s :  I n c r e a s i n g  po tass ium f e r t i l i z e r s  
may dec rease  t h e  amount o f i r u s s e t i n g  and t h e  c h l o r i d e  [mur ia te ]  
form may be more d e t r i m e n t a l  t h a n  t h e  s u l f a t e  form. 

Placement e f f e c t s :  The d a t a  i s  i n c o n c l u s i v e  bu t  banding 
of n i t r o g e n  and po tass ium may be more d e t r i m e n t a l  t h a n  broad- 
c a s t  a p p l i c a t i o n s .  
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Sources  of f e r t i l i z e r :  The fo rmula t ion  of t h e  f e r t i l i z e r  
may have an  i n f l u e n c e  on r u s s e t i n g .  Acid f e r t i l i z e r s  may be 
more d e t r i m e n t a l  and phosphate  f e r t i l i z e r s  h igh  i n  wate r  solu-  
b i l i t y  may be of more b e n e f i t .  

S o i l  t empera tu re :  Tubers deve lop ing  i n  co ld  o r  warmer 
t h a n  normal s o i l  a r e  l i k e l y  t o  have poor  r u s s e t i n g .  

S o i l  Mois ture:  Mois t  s o i l  is more conducive t o  good rus -  
s e t i n g  t h a n  d ry  s o i l .  

S o i l  Texture :  Y e l l  a e r a t e d  [ coa r se ]  s o i l s  a r e  more l i k e l y  
t o  produce we l l - ru s se t ed  t u b e r s .  

S o l u b l e  s a l t s :  Observa t ions  i n  Idaho i n d i c a t e  t h a t  s o i l s  
h i g h  i n  s o l u b l e  s a l t s  w i l l  produce p o o r l y  r u s s e t e d  p o t a t o e s .  

pH: Wisconsin h a s  r e p o r t e d  t h a t  when t h e  Russe t  Burbank 
p o t a t o  is grown on s t r o n g l y  a c i d  s o i l s ,  t h e  t y p e  i s  n o t  good 
and t h e  t u b e r s  a r e  p o o r l y  r u s s e t e d .  

TFFRCTS OF FERTILIZSRS 

4n experiment conducted i n  1963 compared f o u r  r a t e s  of 
n i t r o g e n ,  phosphorus,  and p o t a s h  i n  a l l  p o s s i b l e  combinations.  
Ni t rogen  was a p p l i e d  a t  100. 200, 300 and 400 pounds of N p e r  
ac re .  Phosphorus and p o t a s h  were a p p l i e d  a t  t h e  r a t e s  of 0 ,  
133,  267 and 400 pounds of P205 and K20 r e s p e c t i v e l y .  A l l  of 
t h e  f e r t i l i z e r  was banded a t  p l a n t i n g  t ime.  

A s  t h e  l e v e l  of n i t r o g e n  was i n c r e a s e d ,  t h e  degree  of 
r u s s e t i n g  decreased.  Po tash  a p p l i c a t i o n  had a  s i m i l a r  depres-  
s i n g  e f f e c t  on r u s s e t i n  . Phosphorus a p p l i c a t i o n s  a p p a r e n t l y  
were of some b e n e f i t .  fF ig .  11 These a r e  main e f f e c t s  and do 
n o t  t e l l  t h e  complete  s t o r y .  

0  100 200 300 400 
PiWNDS OF N, P205 AND K20 PER ACRE 

Figure 1. Effect of nitrogen, phosphorus and potassium 
fe r t i l i ze rs  on the percentage of tuber surface 
with smooth skin. 1963 Fert i l izer  Factorial 
experiment. 



Looking a t  some of t h e  i n d i v i d u a l  t r e a t m e n t s  [Table 11, 

Table 1. Effect of various levels of nitrogen, phosphorus and potassium 
fer t i l izers  on the percentage of tuber surface with smooth skins. 
Data from 1 0  of the 64 treatments i n  the 1963 Fertilizer Factorial 
experiment. 

POUNDS PER ACRE % SbEOTH SKIN 

ioo 399 o .2  
100 0 399 16.5 
100 399 399 17.3 
100 267 399 13.0 

some f u r t h e r  conc lus ions  can be drawn. Le t  us  f i r s t  l o o k  a t  
t h e  column where n i t r o g e n  was a p p l i e d  a t  100  pounds. A s  l ong  
a s  t h e  po ta sh  l e v e l  is a t  ze ro ,  t h e  r u s s e t i n g  is e x c e l l e n t  and 
adding phosphorus improved on t h i s  a l r e a d y  e x c e l l e n t  r u s s e t i n g .  
4 s  t h e  po ta sh  l e v e l  was i n c r e a s e d  t o  400 pounds of K20 p e r  a c r e  
t h e  amount of r u s s e t i n g  d e c l i n e d  s u b s t a n t i a l l y ,  a l though  t h e  
r u s s e t i n g  would be r a t e d  a t  l e a s t  a s  s a t i s f a c t o r i l y .  Here t h e  
phosphorus e f f e c t  is s m a l l  a l though  300 pounds of P205 was a  
s l i g h t  b e n e f i t ,  b u t  400 pounds was no d i f f e r e n t  t h a n  zero  phos- 
pha te .  

When on ly  n i t r o g e n  was a p p l i e d  a t  400 pounds of N p e r  
a c r e .  almost  25 p e r  c e n t  of t h e  t u b e r  s u r f a c e  was smooth, an  
amount h igh  enough t o  be  e a s i l y  no t i ced .  400 ~0und .3  of P-OE 

Z ', o e r  a c r e  s u h s t a n % i a l l v  reduced- t h e  amount of smooth s k i n s .  
  he p o o r e s t  russe t ing7among a l l  64 t r e a t m e n t s  occured when 400 
pounds p e r  a c r e  of bo th  N and K20 were app l i ed .  Addi t ions  of 

f' hosphate  was of some va lue  bu t  d i d  n o t  c o r r e c t  t h e  problem 
Table 11. 

A s i m i l a r  experiment conducted i n . 1 9 6 4  gave r e s u l t s  
which were a lmost  carbon c o p i e s  of t h e  1963 d a t a  [Fig. 23. 

I n  an  experiment conducted i n  1960  it was found t h a t  
t h r e e  f e r t i l i z e r  mixOures g r e a t l y  i n c r e a s e d  t h e  amount of 
smooth sk in .  The fo l lowing  y e a r  a  comprehensive experiment 
was p u t  on a  farm which had many smooth-skinned t u b e r s  i n  
1959. The t r e a t m e n t s  i nc luded  two d a t e s  of p l a n t i n g ,  A p r i l  
11 and May 2. I n  t h i s  exper iment ,  t h e r e  was no g r e a t  e f f e c t  
on r u s s e t i n g  r e g a r d l e s s  of t h e  f e r t i l i z e r  used o r  t h e  d a t e s  
on which t h e  p o t a t o e s  were p l a n t e d  [Table  23. 
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Figure 2. Effect of nitrogen, phosphorus and potassium 
fe r t i l i ze rs  on the percentage of tuber surface 
with smooth skin. 1964 Ferti l izer  Factorial 
experiment. 

Table 2, Effect of various fer t i l izers  on the percentage of tuber 
surface with smooth skins i n  two different years. 

POUNDS PER ACRE YEAR 

In  1965 and 1966 an experiment t o  de te rmine  t h e  e f f e c t s  
of  p o t a s h  s o u r c e s  and r a t e s  on r u s s e t i n g  was conducted n e a r  
O t h e l l o ,  XbJashingDon. The same t r e a t m e n t s  were p l a n t e d  on t h e  
rsame p l o t s  f o r  two consecu t ive  y e a r s .  i r fur ia te ,  s u l f a t e ,  and 
n i t r a t e  of p o t a s h  were used a t  0, 120 ,  2 4 0  and 360 pounds of 
K20 p e r  ac re .  Ni t rogen  and phosphorus were a p p l i e d  a t  300 
pounds of N and P205 r e s p e c t i v e l y .  Th i s  f e r t i l i z e r  was banded 
a t  p l a n t i n g  t ime  two i n c h e s  below and two i n c h e s  t o  each s i d e  
of t h e  s eed  p i e c e .  
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The d i f f e r e n c e s  i n  r u s s e t i n g  due t o  s o u r c e s  of p o t a s h  
were s m a l l ,  b u t  g e n e r a l l y  fol lowed p r e v i o u s l y  e s t a b l i s h e d  
t r e n d s .  The c h l o r i d e  [mur ia te ]  form reduced r u s s e t i n g  more 
t h a n  e i t h e r  t h e  s u l f a t e  o r  n i t r a t e  form, b u t  it should be em- 
phas i zed  t h a t  t h e  d i f f e r e n c e s  a r e  s o  sma l l  a s  t o  be of on ly  
a  minor importance [Fig. 31. The f a c t  t h a t  t h e  n i t r a t e  form 
reduced r u s s e t i n g  e s s e n t i a l l y  t o  t h e  same degree  a s  t h e  o t h e r  
two forms i n d i c a t e  t h a t  it i s  t h e  po tass ium i t s e l f  and n o t  t h e  
c h l o r i d e  o r  s u l f a t e  commonly a s s o c i a t e d  w i t h  t h e  po tass ium i n  
cormnercial f e r t i l i z e r ,  t h a t  h a s  t h e  e f f e c t  on r u s s e t i n g .  

KCL 
*..me' 

0 120 240 360 
P(WNDS OF K2O PER ACRE 

Figure 3.  Effect of rates and sources of p t a s h  fer t i l izers  
on the percentage of tuber surface with smooth 
skins. 

Looking a t  t h e  r a t e s  of p o t a s h  it appea r s  t h a t  i n c r e a s i n g  
t h e  r a t e  has  a  dep res s ing  e f f e c t  on r u s s e t i n g .  A 
t h e  t o t a l  range i s  n o t  v e r y  l a r g e  and t h e  economic 
of t h e  d i f f e r e n c e s  i s  doub t fu l .  

That t h e  pH [ a c i d i t y ]  of t h e  f e r t i l i z e r  used may be a  
f a c t o r  i s  shown i n  Fig.  4. I n  t h e  one exper iment ,  d r y  f e r t -  
i l i z e r  w i t h  a  pH of 5.4 [ a c i d ]  depressed  r u s s e t i n g  more t h a n  
e i t h e r  d r y  o r  l i q u i d  f e r t i l i z e r s  w i t h  a  pH of 8.0 [bas ic ] .  I t  
should be  emphasized t h a t  t h e  f e r t i l i z e r  w i t h  a  pH of 5.4 h a s  
a t  t imes  produced p o t a t o e s  w i t h  e x c e l l e n t  r u s s e t i n g .  

In  some i n s t a n c e s  t h e  placement of t h e  f e r t i l i z e r  h a s  a  
pronounced e f f e c t  on r u s s e t i n g .  and t h e  e f f e c t  i s  u s u a l l y  
accen tua t ed  a s  t h e  t o t a l  amount of f e r t i l i z e r  is inc reased .  

-4n experiment t o  t e s t  t h e  e f f e c t  of  method of f e r t i l i z e r  
a p p l i c a t i o n  was conducted on t h e  O the l lo  s t a t i o n  i n  1962. The 
f e r t i l i z e r  t r e a t m e n t s  were ap l i e d  [l] by banding a l l  of t h e  

r t i l i z e r  a t  p l a n t i n g  t ime ,  ? 21 by b r o a d c a s t i n g  and plowing 
d e r  h a l f  of t h e  f e r t i l i z e r  and banding h a l f  of t h e  f e r t i l i -  

z e r  a t  p l a n t i n g  t ime .  and [3 ]  by b r o a d c a s t i n g  and plowing under 
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Figure 4. Effect of various rates of fer t i l izers  with 
different pH's on the percentage of k b e r  
surface with smooth skins. 

a l l  of t h e  f e r t i l i z e r .  Ra te s  were up t o  2 4 0  pounds of P\' and 
P2O5 p e r  a c r e  and up t o  3 0 0  pounds of K20 p e r  ac re .  I n  a few 
c a s e s ,  t h e  a l l  banded a p p l i c a t i o n s  s i g n i f i c a n t l y  reduced rus-  
s e t i n g  t o  a g r e a t e r  degree  t h a n  d i d  t h e  s p l i t  a p p l i c a t i o n s  
which i n  t u r n  reduced r u s s e t i n g  more t h a n  t h e  a l l  b roadcas t  
a p p l i c a t i o n s  [Fig .  5 ) .  

-- - 

BANDED IIIl - 
SPLIT - 

BROrn,T a 

PUJNDS N 120 180 240 120 180 240 120 180 240 
PER P205 250 225 300 0 0 0 120 180 240 
ACRE K20 0 0 0 0 0 0 120 180 240 

Figure 5. Effect of 3 different fe r t i l i ze r  mixes with 3 different 
rates and 3 methods of application on the percentage of 
tuber surface with smooth skin. 

. 
It should  be  n o t i c e d  h e r e  t h a t  i n  o n l y  one t r e a t m e n t ,  t h e  

h i g h  r a t e  of f e r t i l i z e r ,  a l l  banded, d i d  t h e  p e r  c e n t  of smooth 
s k i n s  go above 12 p e r  c e n t ,  t h u s  i n  g e n e r a l  t h e  r u s s e t i n g  was 
very good i n  t h i s  experiment.  
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. , . . 

From t h e  r a t e  a n d  s o u r c e  of po tass ium ,experi,ment., t u b e r s  
w i t h ,  very  good r u s s e t i n g  and w i t h  poor  r u s s e t i l i g ~ e r e - ; c h e m i -  
c a l l y  ana lyzed  f o r  , n i t rogen ,  phosphorus , .po tass ium,  calci l lm, 
and mag,nesium. No d i f f e r e n c e s  i n  chemical  makeup'of w e l l  and. 
p o o r l y  r u s s e t e d  ' p o t a t o e s  were found [ T a b l e  :3,].,  . . .  

. ,  . 

, . 

T ~ ~ G  3 .  ~ h e n i i c ~ l  analysis, ,expreised as per cent dry weight,' of 
well and poorly msseted potatoes. , , , . , . 

, , , 

, . 
. , ,  . , . . 

, , N P K , C ~  Mg 
. , . . . . 

well 'Russeted 1.2  -12 1.5 . 70  ,93 .. 

poorly Russeted 1.2  .I1 1.6 - .70 .90, 
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EFFECTS OF SOIL MOISTURE AND TEhlPER4TURE 

A s o i l  m o i s t u r e  and t empera tu re  experiment was conduct- 
ed t o  e v a l u a t e  t h e  e f f e c t  of t empera tu re  and moi s tu re  on t u b e r  
r u s s e t i n g .  S p e c i a l  f rames  were c o n s t r u c t e d  t o  d e f i n e  t h e  
l i m i t s  of  t h e  p o t a t o  r i d g e .  These f rames were s i x  i n c h e s  high,  
1 7  i n c h e s  wide and e i g h t  f e e t  long.  A f t e r  t h e  p o t a t o e s  were 
p l a n t e d ,  t h e  s o i l  was s c raped  away u n t i l  t h e  t o p s  of t h e  seed 
p i e c e s  were exposed. These f rames were t h e n  f i l l e d  w i t h  s o i l .  
A t  t h e  bottom of some of t h e  f rames a  l a y e r  of  v e r m i c u l i t e  
was p l aced  which p reven ted  wa te r  movement from t h e  furrow up 
i n t o  t h e  r i d g e .  The s o i l  i n  t h e  f rames which d i d  n o t  have 
t h i s  v e r m i c u l i t e  l a y e r ,  was k e p t  mois t  th roughout  t h e  growing 
season.  S o i l  h e a t i n g  c a b l e  was a l s o  bu r i ed  w i t h i n  t h e s e  frames 
t o  p r o v i d e  f o u r  d i f f e r e n t  s o i l  t empera tures .  The average  s o i l  
t empera tu re s  ob ta ined  were 65F [no added h e a t ] ,  70F, 74F, and 
80F. Mois t  s o i l  and ave rage  s o i l  t empera tu re s  of  65F and 70F 
provided  an  environment more conducive t o  good r u s s e t i n g  than  
d i d  t h e  d r y  s o i l  o r  ave rage  s o i l  t empera tu re s  of 74F o r  80F 
[Table  41. These r e s u l t s  a r e  most l i k e l y  a n  e x p r e s s i o n  of 
t u b e r  environment r a t h e r  t h a n  any e f f e c t  on p l a n t  n u t r i t i o n .  

Table 4 .  Percentage of tuber surface with smooth skin as influenced 
within the tuber environment. 

65 F 70 F 74 F 80 F 

Moist Soil 16 13 25 21 

Dry Soil 21 24 37 34 

It should  a l s o  be  mentioned t h a t  a t  t h e  l owes t  s o i l  temp- 
e r a t u r e .  t h e  p e r c e n t a g e  of number one p o t a t o e s  was g r e a t e r  t h a n  
70 p e r  c e n t ,  wh i l e  a  
dropped t o  below 30 

When p o t a t o e s  a r e  grown under  furrow i r r i g a t i o n ,  t h e  move- 
ment of wa te r  up and i n t o  t h e  r i d g e  i s  o f t e n  e r r a c t i c .  A "U" 
shaped a r e a  i n  t h e  c e n t e r  of t h e  r i d g e  o f t e n  remains  d ry  t h e  
e n t i r e  season.  Th i s  v a r i a t i o n  i n  s o i l  m o i s t u r e  w i t h i n  t h e  po- 
t a t o  r i d g e  a l s o  a f f e c t s  s o i l  t empera ture .  Both of t h e s e  fac-  
t o r s  i n f l u e n c e  r u s s e t i n g .  "ie now have a  s i t u a t i o n  where one 
t u b e r  may develop i n  d r y  s o i l  and a n o t h e r  i n  mo i s t  s o i l ,  o r  
d i f f e r e n t  p a r t s  of t h e  same t u b e r  i n  d r y  and/or  m o i s t  s o i l .  
These c o n d i t i o n s  can account  f o r  many of t h e  s l i c k  end t y p e  
p o t a t o e s ,  and can e x p l a i n  t h e  v a r i a t i o n s  i n  r u s s e t i n g  found on 
t u b e r s  from t h e  same p l a n t .  

Many o t h e r  s o i l  conditions can va ry  w i t h i n  t h e  t u b e r  zone, 
b u t  none have been s t u d i e d  i n  r e s p e c t  t o  t h e i r  p o s s i b l e  i n f l u -  
ence on t u b e r  r u s s e t i n g .  It i s  p o s s i b l e  t h a t  f a c t o r s  such a s  
s o i l  g a s e s ,  t o t a l  m o i s t u r e  t e n s i o n ,  microbe p o p u l a t i o n ,  e t c . ,  
around t h e  t u b e r  may i n f l u e n c e  t u b e r  growth i n  g e n e r a l ,  and 
r u s s e t i n g  i n  p a r t i c u l a r .  

--54-- 



round t h e  tuber  ma 

da t ions  could be made t h a t  would be of value. These recommen- 
da t ions  would c a l l  f o r  l i t t l e ,  i f  any, app l i ca t i ons  of n i t ro -  
gen and potash,  however, t h i s  would mean very small y i e l d s  and 
an increase  i n  s u s c e p t i b i l i t y  t o  blackspot ,  and t he se  ARE THE 
major problems. Applications of phosphate f e r t i l i z e r s  may be 
of some value, but t h e  e f f e c t  is small. 

In order  t o  avoid smooth sk in s  about t h e  only c u l t u r a l  
p r a c t i c e  ava i l ab l e  is t o  avoid extremely high r i dges  and o the r  


