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I n  r e c e n t  years  t h e r e  has been an inc reased  i n t e r e s t  i n  growing c o r n  
w i t h  e i t h e r  r i d g e - t i l l  o r  n o - t i l l  p l a n t i n g  sys tens.  T h i s  i n t e r e s t  has been 
s t i m u l a t e d  by concern  f o r  c o n s e r v a t i o n  compl iance,  f a rm p r o f i t a b i l i t y  and 
t h e  environment.  Many prob lems have su r faced  as t h e s e  t i l l a g e  systems a r e  
adopted by more and more fa rmers .  The appearance o f  p o t a s s i u , ~  d e f i c i e n c y  
symptoms has been a  m a j o r  concern  f o r  those who grow c o r n  and soybeans w i t h  
t h e s e  t i l l a g e  systems f o r  t h e  p a s t  f o u r  o r  f i v e  yea rs .  

For s e v e r a l  yea rs ,  t h e r e  had been s c a t t e r e d  r e p o r t s  o f  t h e  appearance 
o f  po tass ium ( K )  d e f i c i e n c i e s  i n  c o r n  grown i n  r i d g e - t i l l  p l a n t i n g  systems. 
These symptoms were f r e q u e n t l y  no ted  even though s o i l  t e s t  va lues  f o r  K 
were cons ide red  t o  be i n  t h e  h i g h  ca tegory .  

The s e v e r i t y  o f  t h e  prob lem appeared t o  be r e l a t e d  t o  h y b r i d .  Some 
h y b r i d s  sho~<ed more severe  d e f i c i e n c y  symptoms. 

The prob lem i n  t h e  n o r t h e r n  Corn B e l t  d i d  n o t  appear t o  be c o n f i n e d  
t o  s p e c i f i c  s o i l s  o r  s p e c i f i c  env i ronments .  Repor ts  o f  t h e  problem have 
come f r o m  a  d i v e r s i t y  o f  c o r n  p r o d u c t i o n  s i t u a t i o n s  i n  Minnesota and 
n e i g h b o r i n g  s t a t e s .  

MORE REPORTS I!,! 1988 

The f requency o f  o b s e r v a t i o n s  o f  K d e f i c i e n c y  i n  r i d g e - t i l l  co rn  
i n c r e a s e d  s u b s t a n t i a l l y  i n  1988. I t  was apparen t  t h a t  some answers a n d l o r  
e x p l a n a t i o n s  were needed. T h e r e f o r e  a  s tudy  was i n i t i a t e d  i n  southwestern  
N inneso ta  i n  t h e  f a l l  o f  1988 t o  e v a l u a t e  t h e  e f f e c t  o f  banded a p p l i c a t i o n s  
o f  po tash  f e r t i l i z e r  on K up take  and subsequent c o r n  y i e l d .  The s o i l  t e s t  
v a l u e  f o r  po tass ium (0-6  i nches )  a t  t h e  exper imen ta l  s i t e  was 1 4 5  ppm. 
T h i s  i s  cons ide red  t o  be h i g h  b y  U n i v e r s i t y  o f  Minnesota  s tandards .  

Three r a t e s  o f  K20 (40 ,  80, 160 1 b . l a c r e )  were a p p l i e d  i n  a  band i n  
t h e  c e n t e r  o f  e x i s t i n g  r i d g e s  i n  e a r l y  November. The band was a p p l i e d  a t  a  
d e p t h  o f  3  t o  4 i nches.  Three h y b r i d s  (P ioneer  3902, P ioneer  3732, P ioneer  
3737) were p l a n t ? d  i n  l a t e  A p r i l .  Tne t r e a t m e n t s ,  s e l e c t e d  t o  p r o v i d e  f o r  
a  comp le te  f a c t o r i a l ,  were a r ranged  i n  a  randomized comp le te  b l o c k  des ign  
w i t h  f o u r  r e p l i c a t i o n s .  A p p r o p r i a t e  c o n t r o l s  were used f o r  each h y b r i d .  

Whole p l a n t  sarnples were c o l l e c t e d  f rom a l l  p l o t s  a t  app rox ima te l y  4 
w w k s  a f t e r  emergence ( V 4 )  and a p p r o x i m a t e l y  6  weeks a f t e r  emergence ( 4 8 ) .  
E a r  l e a f  savp les  were a l s o  c o l l e c t e d  a t  s i l k i n g .  

Bo tn  r a t e  o f  a p p l i e d  K C and h y b r i d  had a  s i g n i f i c a n t  e f f e c t  on t h e  K 
c o n c a r ~ t r a t i o n  i n  t h e  c o r n  t i z s u e .  As m igh t  be expected,  t h e  K 
c o n c e n t r a t i o n  i nc reased  w i t h  r a t e  o f  a p p l i e d  K 0  ( T a b l e  1 ) .  T h i s  i nc rease  
i s  n o t  un ique t o  r i d g e - t i l l  p l a n t i n g  systems agd m i g h t  be e x p l a i n e d  by t h e  
concep t  o f  l u x u r y  consumpt ion.  



Tab le  1. The e f f e c t  o f  r a t e  o f  a p p l i e d  K20 on K c o n c e n t r a t i o n  i n  c o r n  
t i s s u e  i n  1989. 

K,G Stage o f  Development 
L 

Appl i e d  V 4 V 8 Ear Lea f  

1  b./acrc. - - - - - XK*  - - - - - - 
0  .91 d*" 1.08 d  .95 d  

4 0 2.18 c  1.49 c  1.21 c  
8  0  2.57 b  1.75 b  1.37 b  

15 3 3.05 a  2 . M  a  1.46 a  

Values r e p o r t e d  a r e  averaged over  3  h y b r i d s .  
** Treatment means i n  any column f o l l o w e d  by t h e  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  .05 c o n f i d e n c e  l e v e l .  

When averaged ove r  r a t e s  o f  a p p l i e d  K 0, t h e  h y b r i d  had a  s i g n i f i c a n t  
e f f e c t  on K c o n c e n t r a t i o n  i n  t h e  co rn  t i s s u g  ( T a b l e  2 ) .  For  a l l  s tages ,  
t h e  c o n c e n t r s t i o n  was l o w e s t  i n  P ioneer  3732 and h i g h e s t  n P ioneer  3737. 
T h i s  o b s e r v a t i o n  c o u l d  be t h e  r e s u l t  o f  a  f i x e d  g e n e t i c  t r a i t  o r  t h e r e  
c o u l d  be d i f f e r e n c 2 s  i n  t h e  development o f  t h e  r o o t  systems. The d a t a  
c o l l e c t e d  do n o t  p r o v i d e  an e x p l a n a t i o n .  

Tab le  2. Tne e f f e c t  o f  c o r n  h y b r i d  on K c o n c e n t r s t i c n  i n  c o r n  t i s s u e .  

Staae o f  Devel oomm t 
H y b r i d  

d 

V4 V8 Ear 1 e a f  

P ionee r  3902 
P ioneer  3732 
P ioneer  3737 

* Treatment means i n  a  column f o l l o w e d  by  t h e  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  .05 c o n f i d e n c e  l e v e l .  

The e f f e c t  o f  h y b r i d  and r a t e  o f  a p p l i e d  K 0 on c o r n  y i e l d  i n  1939 i s  
i l l u s t r a t e d  i n  F i g u r e  1. A r a t e  o f  40 1b. K20 p$r a c r e  was needed f o r  
optimum y i ~ l d  f o r  t h e  3902 and 3737 h y b r i d s .  T h i s  i n c r e a s e d  t o  80 l o .  K20 
per  a c r e  f o r  t h e  3732 h y b r i d .  Y i e l d  i n c r e a s e s  f r o m  t h e  added K20 were 
s u b s t a n t i a l  (10-20 bu. /acre) .  

The y i e l d  d a t a  f rom 1989 show t h a t  t h e  banded a p p l i c a t i o n  o f  K 0  
c o u l d  be used t o  c o r r e c t  t h e  potass ium d e f i c i e n c i e s  wh ich  appeared ii 
r i d g e - t i 1  1  co rn .  The d a t a  a l s o  i n d i c a t e d  t h a t  a  r a t e  o f  a p p r o x i m a t e l y  40 
I b .  K20 per  a c r e  was needed t o  c o r r e c t  t h e  prob lem i f  s o i l  t e s t  v a l u e s  f o r  
K a r e  cons ide red  t o  be h i g h .  Response d a t a  a r e  n o t  y e t  a v a i l a b l e  f o r  s o i l s  
h a v i n g  medium, l ow ,  and v e r y  l o w  s o i l  t e s t  v a l u e s  f o r  K. 

GROWER EXPERIENCES 

Sorne fa rmers  who used t h e  r i d g e - t i l l  p l a n t i n g  systern had r e c o g n i z e d  
t h e  problem f o r  s e v e r a l  y e a r s  and conducted some compar isons  i n  t h e i r  own 
f i e l d s .  The r e s u l t s  f rom one o f  t hese  t r i a l s  conducted i n  1989 a r e  



summarized i n  Tab le  3. The t r i a l s  were i n  a  f i e l d  i n  w e s t - c e n t r a l  
; l innesota.  Treatments were a p p l i e d  i n  s t r i p s  which were 5 rows wide and 
r e p l i c a t e a  f o u r  t i n e s .  The s o i l  t e s t  va lue  f o r  K was cons ide red  t o  be i n  
t h e  h i g h  range. 
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Figure 1. The effect o f  corn hybrid and rate o f  appiied 
K20 on corn yield in 1989. 

Tab le  3. The e f f 2 c t  o f  method o f  K 0  a p p l i c a t i o n  on c o r n  y i e l d  i ?  a  r i d g e -  
t ill p l a n t i n g  system i n  w e s t - c e n t r a l  Minnesota. 1989. 

F e r t i l i z e r  Treatment Y i e l d  

bu./acr-2 
c o n t r o l  154 b  
s t a r t e r  o n l y  (100 I D .  7 -21 -7 lac re )  153 b  
f a l l  band ( 5  ti-26 P  0  -100 K201acre) 171 a  
s t a r t e r  p l u s  f a 1  1  b$n8 173 a  

These r e s u l t s  i n d i c a t e  t h a t  smal l  amounts o f  K 0  (about  10 1b. lacre)  
a p p l  i e d  i n  a  s t a r t e r  band a t  p l a n t i n g  a re  n o t  adequa?e f o r  c o r r e c t i n g  t h e  K 
d e f i c i e n c y .  The 130 l b .  K 0  pe r  ac re  a p p l i e d  i n  t h e  f a l l  Sand i n  t h i s  
s i t u a t i o n  may have been mot% than needed f o r  optimum y i e l d .  The response, 
howevzr,  shows t h e  impact  o f  a h i g h e r  r a t e  o f  K 0. There a p p a r e n t l y  i s  no 
need f o r  a  comb ina t ion  o f  a  f a l l  band and a s t a g t e r  band f o r  optimum y i e l d .  

IMPACT ON SOYBEAN PRODUCTIOI4 

The corn lsoybean r o t a t i o n  dominates a  l a r g e  p a r t  o f  t h e  acreage i n  
t h e  n o r t h e r n  Corn B e l t .  Soybeans a r e  a l s o  grown i n  r i d g e - t i l l  p l a n t i n g  



~ y s t ~ q i s  a i iu  t tc r2syo; isc o f  t : i i s  c r o p  t o  K20 bz,i3e:; i n  t . 1 2  r i ~ p  \:as 
unknown. T n ~ r e f o r c ,  soykeans nc re  planted i n  1990 i n  ti]? ? l o t s  i n  
sout:ryizstcrn i l inn?sct i !  t ! i d t  i idd x - :n  e s t ~ n 1 i s n e . j  i n  13r.C. 

The ;J!-ious r r : t2s o f  L O  ;;?I-= aanded i n  t h e  f a l l  o f  1TS3 f o l l ~ w i n s  
L 

c o r n  h a r v e s t .  Tns c ? s i 9 n  o f  t n ?  s tudy  wds a l s o  cna; i jed.  Tnt. ~ y b r i d  o r  
v a r i e t y  v a r i a b l e  was removed dnd r e p l a c e d  w i t n  a f requency  o f  a p ~ l i c a t i o n  
v i i r i d c l e .  T n i s  cnuilge \;.as .nade i l l  dn di.t!?inpt t c ;  d e t @ r n i n ?  tile f rer tuency o f  
a p p l i c a t i o n  o f  K O ; ~ c x l e d  f o r  o p t i ~ ~ u i i ~  yit-!liJ o f  11ot;~ c c r n  a,ii: soyae;:.ls. The  T soy9ea:l y i . 2 1 3 ~  r ._cord?d i . 1  1599 a rc  su~rimilr izcl l  i n  T c d l ?  4 .  

Table  4 .  E f f e c t  c f  f r e ~ { u e , ~ c y  a;lJ r3t.e o f  S 9 on soybean y i e l d  i,i 
southlc:estern :!innesota i n  1990. 

2 

~tti t e  app I i .XI 
each ye;r Y i e l d  

The h i ~ h e s t  y i e l d  r e s u l t e d  f rom t o e  annual  a p j ~ l i c a t i o n  o f  160 It. KZO 
p r  zc ro .  s ing12  a p p l i c ~ t i o r l  o f  1.50 1b .  K 0 p e r  acr"in 1986 producsd 
y i e l d s  t h a t  were e q u i v a l e n t  t o  those f rom anzua l  a p p l i c a t i o n  o f  40 an3 90 
It. ,!20 p e r  acre.  

Thcs? r e s ~ l t s  snow t i a t  the banded a p 2 l i c a t i o n  o f  K 0 i s  i m p o r t a n t  
f o r  op t icu in  y i e l d s  o f  b o t h  c o r n  dod soybeans. The d a t a  d?so i n d i c a t ~  t h a t  
a y e ~ r l y  ~ p p l i c a t i o r ~  o f  I! 0 may n o t  be needed f o r  opti ; ium p r o d u c t i o n .  I i  2 may be ? r z c t i c ~ l  t o  a p p l y  rnouqh K O i n  a  band t o  c c r r e c t  t n e  p r o b l e n  f o r  
t r o  years  of  p r o d u c t i o n .  ~ o d i t i o n g l  s t u d i e s  d r e  b e i n g  conducted t o  
det i l r r . , ine t:ie o p t i n u c  f requency o f  app l  i c d t  i o n .  

WHY THE PROBLEK? 

The s p e c i f  ii redson f o r  t h e  k< a v a i  l d b i l  i t y  p rob l :?a  i n  r i d g e - t i l l  
p l a n t i n g  systems i s  n o t  known. L i m i t e d  o b s e r v a t i o n s  i n d i c a t e  t h a t  t h i s  
pr i lb lem a1 so occu rs  w i t h  t h e  n o - c i  1.1 p l d n t i n g  syste,ns. Nevc r the l css ,  cne 
c?n s 2 e c u l a t c  about  p o t e n t i 6 1  causes. 

Son!? s o i l s  can becorn? colnp?ctrd under r z j u c e d  t i  1  l dge .  Eor; 
compact ion c o u l d  reduce  r o o t  d e n s i t y  b y  d e c r e a s i n g  r o o t  e l o n g a t i o n  r a t e s ,  
ana l o c g l l y  e l e v a t s d  b u l k  d e n s i t y  c o u l d  s low  K d i f f u s i o n .  S i n l i j a r  p a t t e r n s  
o f  p r e f e r e n t i d l  r o o t  g r o w t n  a long  p a t h s  o f  l e a s t  r e s i s t a n c e  over  yea rs  
c o u l d  decrease t h e  effective K c o n c e n t r d t i o n  near  i n d i v i d u j l  r o o t s .  S u b t l e  
changes i n  r o o t  h a i r  d e n s i t y ,  induced by  r i d g e - t i l l  and n o - t i l l  p l a n t i n g  
systeins, c o u l o  a l s o  b? i n v o l v 3 d .  



RESEARCH I N  PROGRESS 

The da ta  c o l l e c t e d  a t  t h i s  t i m e  show t h a t  K d e f i c i e n c y  may be 
l i m i t i n g  t h e  y i e l d  o f  b o t h  c o r n  and soybean grown i n  t h e  n o r t h e r n  Corn 
B e l t .  Wi th  c o r n  t h e  s e v e r i t y  o f  t h e  d e f i c i e n c y  appears t o  v a r y  w i t h  
h y b r i d .  The p r e l i m i n a r y  d a t a  suggests  t h a t  an annual  a p p l i c a t i o n  o f  40-50 
lb .K20 /ac re  i s  needed t o  c o r r e c t  t h e  problem. 

Yet ,  t h e r e  a r e  many q u e s t i o n s  t h a t  a r e  n o t  answered. Several  
p r o j e c t s  a r e  under way i n  hopes o f  g e n e r a t i n g  some answers. 

Cons ide rab le  e f f o r t  i s  b e i n g  devoted t o  a  p r o j e c t  des igned t o  
e v a l u a t e  t h e  impact  o f  t i l l a g e  system and h y b r i d  on g r o w t h  and development 
o f  t h e  c o r n  r o o t  system e a r l y  i n t  he growing system. Two methods a r e  b e i n g  
used t o  e v a l u a t e  r o o t  g rowth .  One i n v o l v e s  t h e  placement o f  t n r e e  non- 
e s s e n t i a l  c a t i o n s  ( s t r o n t i u m ,  r u b i d i u m ,  l i t h i u m )  a t  v a r i o u s  p o s i t i o n s  f rom 
t h e  c o r n  p l a n t  and measurement o f  up take  a t  v a r i o u s  g rowth  stages.  The 
second method focuses on measurement o f  r o o t s  i n  s o i l  co res  c o l l e c t e d  a t  
s e v e r a l  t i m e s  th roughou t  t h e  g r o w i n g  season. 

Other  a c t i v e  r e s e a r c h  p r o j e c t s  focus  on d e t e r m i n i n g  t h e  f requency o f  
a p p l i c a t i ~ n  o f  K 0  t h a t  i s  needed f o r  optimum y i e l d .  A d d i t i o n a l  t r i a l s  a r e  
aimed a t  f i n e - t u i i n g  t h e  r a t e  o f  K20 needed f o r  optimum y i e l d .  
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