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Phy toph thora  r o o t  r o t  of  soybeans (PRR) i s  a  major  concern  f o r  
soybean growers i n  s o u t h - c e n t r a l  and s o u t h e a s t e r n  Minnesota,  
where it can b e  r e s p o n s i b l e  f o r  major  y i e l d  r e d u c t i o n s .  I n  
t h e s e  r e g i o n s ,  PRR i s  g e n e r a l l y  a  s e r i o u s  problem when soybeans  
a r e  grown on p o o r l y  d r a i n e d  s o i l s  a n d / o r  t h e r e  i s  a modera te  
amount of r a i n f a l l  w i t h i n  2 t o  3  days  o f  p l a n t i n g .  

P r e v i o u s  r e s e a r c h  h a s  shown t h a t  PRR c a u s e s  a  r e d u c t i o n  i n  t h e  
number of h a r v e s t a b l e  p l a n t s  p e r  a c r e  and  t h i s  i s  t h e  m a j o r  
c o n t r i b u t i n g  f a c t o r  t o  a  r e d u c t i o n  i n  soybean y i e l d .  Some 
c o n t r o l  o p t i o n s  have  been i d e n t i f i e d .  These i n c l u d e  t h e  
s e l e c t i o n  of  l e a s t  s u s c e p t i b l e  v a r i e t i e s ,  s y s t e m i c  f u n g i c i d e  
u s e ,  and u s e  of  c u l t u r a l  p r a c t i c e s  such  as t h e  t i l i n g  of p o o r l y  
d r a i n e d  f i e l d s .  

T h e  p o s i t i v e  i n t e r a c t i o n s  o f  po tass ium u s a g e  w i t h  s e v e r i t y  o f  
d i s e a s e s  i n  c r o p s  have  been r e s e a r c h e d  f o r  some t i m e .  T h e  
impac t  of e i t h e r  s o i l  tes t  l e v e l  f o r  p o t a s s i u m  o r  use  o f  p o t a s h  
f e r t i l i z e r s  on t h e  i n c i d e n c e  and s e v e r i t y  of PRR, however, i s  
n o t  w e l l  documented. The i n t e r a c t i o n s  among p o t a s h  use ,  v a r i e t y  
s e l e c t i o n ,  and f u n g i c i d e  (Ridomil)  u s e  have  a l s o  n o t  b e e n  
r e s e a r c h e d .  T h e r e f o r e ,  t h i s  s t u d y  was d e s i g n e d  t o  measure t h e  
e f f e c t  of  p o t a s h  f e r t i l i z a t i o n ,  v a r i e t y ,  and ~ i d o m i l  u s e  on Pm 
i n  f i e l d s  where t h i s  d i s e a s e  organism h a s  l i m i t e d  soybean  
p r o d u c t i o n  i n  the  p a s t .  

EXPERIIGNTAL PROCEDURE 

T h i s  s t u d y  was conduc ted  i n  grower f i e ld s  a t  s i x  l o c a t i o n s  i n  
Dcdge and Mower c o u n t i e s  i n  s o u t h - c e n t r a l  Minnesota i n  1988 and  
1989.  S i t e s  s e l e c t e d  were p o o r l y  t o  m o d e r a t e l y  w e l l  d r a i n e d .  
A l l  s i t es  s e l e c t e d  had  a  p r e v i o u s  h i s t o r y  of  damage c a u s e d  by 
PRR. S p e c i a l  emphasis  was g iven  t o  s e l e c t i n g  s i tes  t h a t  h a d  
r e l a t i v e l y  low l e v e l s  o f  s o i l  t e s t  p o t a s s i u m .  

S o i l  samples were c o l l e c t e d  from 0 - 6 ,  6-12 ,  12-24, 24-36, 36-48, 
and 48-60 i n c h  i n c r e m e n t s  p r i o r  t o  i n i t i a t i o n  of  t h e  s t u d y .  
R o u t i n e  s o i l  t e s t  p r o c e d u r e s  were u s e d  t o  a n a l y z e  samples f o r  
pH, P,  K ,  and  o r g a n i c  m a t t e r .  R e s u l t s  o f  t h e s e  a n a l y s e s  a r e  
summarized i n  Tab le  1. 
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Table 1. Selected s o i l  p roper t i e s  f o r  t h e  experimental s i t e s .  

S i t e  and Year 

MR MM DH MM MG MA 
Property Depth (88) (88) (8 8  (89) ( 8 9 )  (89) 

inches 

P I  PPm 0-6 1 7 . 0  57.3 4 4 . 9  34.5 29.5 24.0 
(Bray 6 Kurtz #1) 

Organic Matter,  % 0-6 2 . 7  8.7 5.8 3.6 4.8 3 . 1  

Three f a c t o r s  ( r a t e  of appl ied potash, soybean v a r i e t y ,  Ridomil 
use)  were combined i n  a  complete f a c t o r i a l  design.  A s p l i t -  
s p l i t  p l o t  arrangement was used with each t reatment  r e p l i c a t e d  
4 times a t  each s i t e .  Potash r a t e s  were used a s  t h e  main p l o t s .  
Soybean v a r i e t i e s  were t h e  s p l i t  p l o t s  and Ridomil use was t h e  
s p l i t - s p l i t  p l o t .  

Potash, suppl ied  a s  0-0-60, was broadcast  a t  r a t e s  of 0 ,  48, 9 6 ,  
and 1 9 2  l b .  K20 per  acre .  This f e r t i l i z e r  was incorporated with 
a  d isk  be fo re  p lan t ing .  

Three soybean v a r i e t i e s  se lec ted  f o r  varying degrees of 
r e s i s t a n c e  t o  PRR were p lanted  i n  mid t o  l a t e  May each year .  
The 54-254 v a r i e t y  i s  suscept ib le  t o  PRR with no major gene f o r  
r e s i s t a n c e .  The BSR-101 v a r i e t y  contains  t h e  gene, %,1 which 
confers  r e s i s t a n c e  t o  Race 1 and 2  of PRR. Corsoy 7 9  has t h e  
%,lc gene which gives r e s i s t a n c e  t o  Races 1, 2, 3 ,  and 6 .  Races 
1, 2, 3, 4 ,  and 6 a r e  present  i n  south-cent ra l  MN. Therefore, 
t h e  Corsoy 7 9  i s  t h e  most r e s i s t a n t  v a r i e t y  f o r  t h i s  region 
while BSR-101 can be damaged by Races 3, 4 ,  o r  6 i f  they a r e  
p resen t .  The 54-254 v a r i e t y  i s  suscep t ib le  t o  a l l  races  t e s t e d  
and i s  c l e a r l y  t h e  most suscept ib le  v a r i e t y  used i n  t h i s  t r i a l .  

When used, t h e  Ridomil was applied a t  a  r a t e  of 6 l b . / a c r e .  
This g ranu la r  ma te r i a l  was applied in-furrow a t  t h e  time of 
p lan t ing .  



Stand  coun ts  were t a k e n  d u r i n g  t h e  growing season  and p l a n t  
h e i g h t s  were measured i n  mid-July.  The most r e c e n t l y  matured 
l e a f l e t  was a l s o  c o l l e c t e d  a t  e a r l y  t o  mid-bloom, d r i e d ,  ground,  
and  analyzed f o r  K .  Gra in  y i e l d s  were measured i n  e a r l y  October  
and  c o r r e c t e d  t o  13.5% mo i s tu r e  

RESULTS A N D  DISCUSSION 

Damage caused by PRR was observed a t  a l l  s i t es  s e l e c t e d  i n  1988. 
The s e v e r i t y  of  damage, however, was n o t  c o n s i s t e n t  from s i t e  t o  
s i t e .  I n  1989, damage was observed o n l y  a t  t h e  MA s i t e .  

The r a t e  of  p o t a s h  a p p l i e d  had no s i g n i f i c a n t  e f f e c t  on y i e l d  
th roughout  t h e  s t u d y  (Tab le  2 ) .  There was a l s o  no s i g n i f i c a n t  
i n t e r a c t i o n  between e i t h e r  r a t e  of  a p p l i e d  K20 and v a r i e t y  o r  
r a t e  of a p p l i e d  K20 and Ridomil  u s e .  The re fo r e ,  t h e  e f f e c t s  o f  
a p p l i e d  K20 a r e  summarized i n  Table  2 .  These r e s u l t s  i n d i c a t e  
t h a t  t h e  s o i l s  a t  a l l  s i t es  s e l e c t e d  had adequa te  amounts of  K 
t o  suppor t  t h e  y i e l d s  t h a t  were ach i eved .  

Tab l e  2 .  I n f l u e n c e  of r a t e  o f  a p p l i e d  K20 on g r a i n  y i e l d  o f  
soybeans .  

S i t e  Year 
K,O Appl ied  ( l b .  / a c r e )  - 

4 8 9 6 192 

I n  t h i s  s t udy ,  t h e  MA s i t e  i n  1989 had t h e  lowes t  s o i l  t e s t  
l e v e l  f o r  K (82 ppm). Y e t ,  t h e r e  was no r e sponse  t o  a p p l i e d  
p o t a s h .  Apparen t ly ,  t h e  s u b s o i l  K combined w i t h  t h e  K found t o  
a  dep th  o f  6 i n c h e s  was adequa te  f o r  r e l a t i v e l y  h i g h  y i e l d s  o f  
a c t i v e l y  growing soybeans .  

Soybean y i e l d s  were reduced  by PRR a t  4 o f  t h e  6 s i t es  s e l e c t e d  
f o r  t h i s  s t u d y .  Both v a r i e t y  and Ridomil  u s e  had a  s i g n i f i c a n t  
e f f e c t  on y i e l d  a t  t h e s e  l o c a t i o n s .  The i n t e r a c t i o n  between 
v a r i e t y  and Ridomil  u se  was a l s o  h i g h l y  s i g n i f i c a n t  (Table  3 ) .  

The most s e v e r e  i n f e s t a t i o n  o f  PRR o c c u r r e d  a t  the  MR s i t e  i n  
1988 where t h e  u s e  o f  Ridomil  i n c r e a s e d  t h e  y i e l d  of each  
v a r i e t y .  I n f e s t a t i o n  was less s e v e r e  a t  t h e  MM and DH s i tes  i n  
1988 and t h e  MA s i t e  i n  1989.  A t  t h e s e  s i tes ,  t h e  u s e  of 
Ridomil  i n c r e a s e d  t h e  y i e l d  o f  on ly  t h e  54-254 v a r i e t y .  



These r e s u l t s  show t h a t  v a r i e t y  s e l e c t i o n  i s  a  major  c o n c e r n  f o r  
f i e l d s  where PRR i s  known t o  be a  m a j o r  problem.  C o n s i d e r i n g  
v a r i e t y  o n l y ,  l o w e s t  y i e l d s  f o r  a l l  t r e a t m e n t s  were p roduced  by  
t h e  54-254 v a r i e t y .  O v e r a l l  y i e l d s  f rom t h e  BSR-101 and  Corsoy  
79 v a r i e t i e s  were n e a r l y  e q u a l .  F o r  s i t u a t i o n s  where t h e  

T a b l e  3. The i n f l u e n c e  o f  v a r i e t y  and  Ridomi l  u s e  on soybean  
y i e l d s  i n  s o u t h - c e n t r a l  Minneso ta .  

R idomi l  Corsoy 
S i t e  Year U s e  54-254 BSR-101 7 9 Ave . 

MR 1888 no  
Yes 
Ave : 

MM 1988 no  
Yes 
Ave : 

DH 1988 no  
Yes 
Ave : 

1989 n o  
Yes 
Ave : 

MG 1989 no  
Yes 
Ave : 

MA 1989 no  
Yes 
Ave : 

s e v e r i t y  o f  t h e  PRR i s  h i g h ,  R idomi l  u s e  produced  y i e l d  
i n c r e a s e s  which r a n g e d  from 15  b u . / a c r e  (54-254 v a r i e t y )  t o  
a p p r o x i m a t e l y  3 b u . / a c r e  (BSR-101 v a r i e t y ) .  F o r  a l l  o t h e r  s i tes  
where damage was a problem,  Ridomil  u s e  had  no p o s i t i v e  impac t  
on y i e l d  i f  r e s i s t a n t  soybean v a r i e t i e s  w e r e  p l a n t e d .  

The PRR o rgan i sm c a u s e s  y i e l d  r e d u c t i o n s  i n  soybeans  by s t u n t i n g  
t h e  p l a n t s  as w e l l  a s  r e d u c i n g  t h e  number of emerged p l a n t s .  In  
t h i s  s t u d y ,  t h e  r a t e  of a p p l i e d  p o t a s h  had  no  s i g n i f i c a n t  e f fec t  
on e i t h e r  p l a n t  h e i g h t  ( T a b l e  4 )  o r  emerged s t a n d  (Tab le  5 )  when 
a v e r a g e d  o v e r  v a r i e t y  and  ~ i d o m i l  u s e .  The re  was a l s o  n o  
s i g n i f i c a n t  i n t e r a c t i o n  between e i t h e r  p o t a s h  r a t e  and  v a r i e t y  



o r  potash r a t e  and Ridomil u s e . .  This was t r u e  f o r  both p l a n t  
he igh t  and s tand measurements. 

Table 4 .  The inf luence  of r a t e  of app l i ed  K,O on p lan t  he ight  
of sovbeans. 

K,O Applied ( l b .  / ac re )  - 
S i t e  Year 0 4 8  9 6  1 9 2  

- - - -  p lan t  he ight  ( i n . )  - - - 

Table 5.  The in f luence  of r a t e  of app l i ed  K,O on emerged s t a n d  
of soybeans. 

S i t e  Year 
K,O Applied ( l b .  / a c r e )  - 

0 48 96 192 

The use of Ridomil produced s u b s t a n t i a l  i n c r e a s e s  i n  t h e  he igh t  
of a l l  soybean v a r i e t i e s  where t h e r e  was t h e  h ighes t  s e v e r i t y  of 
PRR damage (MR, 1988) .  Where damage from PRR was l e s s  severe ,  
t h e  Ridomil use produced increases  i n  p l a n t  height  f o r  t h e  
s u s c e p t i b l e  54-254 v a r i e t y  only (Table 6 )  . These observat ions  
coinc ide  with t h e  e f f e c t  of Ridomil on soybean y i e l d .  

P l a n t  height  was a l s o  a f f e c t e d  by v a r i e t y .  For s i t e s  where PRR 
was not a  problem, t h e  Corsoy 7 9  v a r i e t y  was t h e  t a l l e s t ,  t h e  
54-254 v a r i e t y  was t h e  s h o r t e s t  and t h e  he igh t  of t h e  BSR-101 
v a r i e t y  was in termedia te .  Since y i e l d s  from t h e  BSR-101 and 
Corsoy 7 9  v a r i e t i e s  were near ly  equal ,  t h e r e  does not appear t o  
be a  s t rong  r e l a t i o n s h i p  between p l a n t  he ight  and y i e l d .  

Stand emergence was a l s o  s i g n i f i c a n t l y  a f f e c t e d  by Ridomil use .  
Again, major e f f e c t s  were observed a t  t h e  MR s i t e  i n  1988. The 
use  of t h i s  product improved t h e  s tand  of a l l  v a r i e t i e s  a t  t h i s  



s i t e  (Table  7 )  . Emerged s t a n d  was n o t  improved by ~ i d o m i l  u s e  
a t  s i t e s  where y i e l d s  were n o t  a f f e c t e d  by PRR. 

Table 6 .  The i n f l u e n c e  of  soybean v a r i e t y  and Ridomil u s e  on 
h e i g h t  o f  soybeans  i n  s o u t h - c e n t r a l  Minnesota.  

Ridomil  Corsoy 
S i t e  Year U s e  54-254 BSR-101 7 9  Ave . 

- - - -  p l a n t  h e i g h t  ( i n . )  - - - - 

MR 1 8 8 8  no 2 2  24 2 9 2 5  
Yes 2 5  2 6 32  24  
Ave : 24 2 5  3 1  

MM 1 9 8 8  no 2 1  2 6 2 9  2 5  
Yes 2 6 - 2 7  30 2 8 
Ave : 24 2 6  30  

Y e s  
A v e  : 

Y e s  
Ave : 

Yes 
Ave : 

SUMMARY AND CONCLUSIONS 

The r e s u l t s  o f  t r i a l s  conducted a t  s i x  e x p e r i m e n t a l  s i t e s  i n  
b o t n  1 9 8 8  and 1 9 8 9  showed t h a t  t h e r e  a r e  management p r a c t i c e s  
t h a t  growers  c a n  u s e  t o  overcome damage caused  by Phy toph thora  
Root Rot (PRR) i n  soybeans .  

V a r i e t y  s e l e c t i o n  i s  i m p o r t a n t .  The u s e  o f  r e s i s t a n t  v a r i e t i e s  
i n  f i e l d s  where t h e  s e v e r i t y  of t h e  i n f e s t a t i o n  i s  n o t  h i g h  i s  
c e r t a i n l y  one management p r a c t i c e  t h a t  s h o u l d  be encouraged 
whenever p o t e n t i a l  damage from PRR i s  s u s p e c t e d .  

The u s e  o f  t h e  f u n g i c i d e ,  Ridomil,  can a l s o  be an  i m p o r t a n t  
management p r a c t i c e  where t h e  s e v e r i t y  of  PRR i s  h i g h  o r  where 
s u s c e p t i b l e  v a r i e t i e s  a r e  used .  I t  s h o u l d  be no ted ,  however, 
t h a t  t h e  y i e l d  o f  a  s u s c e p t i b l e  v a r i e t y  t r e a t e d  w i t h  ~ i d o m i l  was 
n o t  a s  h i g h  a s  t h e  y i e l d  of newer v a r i e t i e s  which a r e  r e s i s t a n t  
t o  s e l e c t  r a c e s  o f  PRR. 



The use of potash fertilizer had no significant effect on yield, 
plant growth, and emerged stand at all sites used for the study. 
These results indicate that soils which have a soil test K level 
of 100 ppm (0-6 inches) are capable of supplying adequate K for 
a soybean crop of 40-50 bu./acre. There was also no significant 
interaction between rate of applied potash and either variety or 
Ridomil use. This would indicate that the presence of PRR in a 
field to be planted to soybeans does not automatically call for 
the application of potash fertilizer. Potash fertilization 
decisions should continue to be based on the results of 
appropriate soil tests. 

Table 7.  The influence of soybean variety and Ridomil use on 
the emerged stand of soybeans in south-central 
Minnesota. 

Ridomil Corsoy 
Site Year Use 54-254 BSR-101 7 9 Ave . 

MR 1888 no 5.6 5.8 6.6 6.0 
Yes - 9.3 - 6.9 - 7.7 8.0 
Ave : 7 . 5  6.4 7.2 

MM 1988 no 4.8 6.1 6.9 5.9 
Yes - 7.2 - 6.7 - 6.9 6.9 
Ave : 6.0 6.4 6.9 

DH 1988 no 6.6 
Yes 6.7 
Ave : 6.7 

MM 1989 no 6.3 
Yes - 7.1 
Ave : 6.7 

MG 1989 no 6.6 
Yes 7.0 
Ave : 6.8 

MA 1989 no 4.8 6.1 6.2 5.7 
Yes - 6.0 6.1 - 6.0 6.0 
Ave : 5.4 6.1 6.1 
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