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On wheat, and some o t h e r  c e r e a l  g r a i n s ,  c h l o r i d e  has  been repor ted  
t o  have an e f f e c t  on p l a n t  d i s e a s e s ,  e i t h e r  suppress ing  the  d i s e a s e  
organism or  causing t h e  p l a n t  t o  be a b l e  t o  wi ths tand  i n f e c t i o n .  It is 
hypothesized t h a t  y i e l d  i n c r e a s e s  a r e  due t o  t h e s e  e f f e c t s .  Researchers 
from s e v e r a l  s t a t e s  have been a b l e  t o  show y i e l d  i n c r e a s e s  from ch lo r ide  
con ta in ing  f e r t i l i z e r s .  The most common source  is  potassium ch lo r ide ,  
KC1.  I n  many c a s e s ,  s o i l  t e s t  potassium l e v e l s  a r e  h igh ,  and most s o i l  
t e s t  recommendat ions  c a l l  f o r  no a d d i t i o n a l  K ;  however ,  when s m a l l  
increments of K C 1  a r e  used,  some y i e l d  i n c r e a s e s  have been repor ted .  

The o b j e c t i v e  of  t h i s  s tudy  was t o  e v a l u a t e  t h e  e f f e c t s  of added 
increments of c h l o r i d e  con ta in ing  f e r t i l i z e r s ,  potassium c h l o r i d e  and 
ammonium ch lo r ide ,  on y i e l d s  of hard red win te r  wheat i n  Kansas. 

This  s tudy was i n i t i a t e d  i n  1987 on t h e  E s t e l  Wyatt farm i n  Shawnee 
County, Kansas. The s o i l  type  a t  t h i s  l o c a t i o n  is a  Eudora silt loam 
( c o a r s e - s i l t y ,  mixed m e s i c  F l u r e n t i c  H a p l u d o l l s ) ,  a  w e l l - d r a i n e d ,  
n e u t r a l  t o  moderately a l k a l i n e  r i v e r  bottom s o i l .  The i n h e r i t  P and K 
f e r t i l i t y  l e v e l s  a r e  n a t u r a l l y  high and t h e  s o i l  has  a  medium t o  high 
a v a i l a b l e  moisture ho ld ing  capac i ty .  Wheat on t h i s  s o i l  type  responds 
w e l l  t o  added increments of n i t r o g e n  f e r t i l i z e r .  Th i s  l o c a t i o n  has been 
i n  continuous dryland wheat production f o r  t e n  p l u s  y e a r s  t o  hold the  
s o i l  a g a i n s t  t h e  p o s s i b i l i t y  of  blowing i n  w i n t e r  and e a r l y  spr ing.  The 
cooperators1  c u l t u r a l  p r a c t i c e s  were used both y e a r s  of t h e  study and 
a r e  summarized i n  Table  1. 

Two sources of c h l o r i d e  con ta in ing  f e r t i l i z e r s  were used,  potassium 
c h l o r i d e  (KC1) and ammonium c h l o r i d e  (NH4C1). Chlor ide  r a t e s  of 30,  60 ,  
and 90 pounds per  a c r e  were app l i ed  a s  a  s p r i n g  topdress  i n  1987, and a s  
a  preplant  or s p r i n g  t o p d r e s s  i n  1988. Nitrogen was balanced both yea r s  
t o  a  t o t a l  of  75 pounds of N per a c r e  f o r  a l l  p l o t s  a s  NH4N0 . S o i l  t e s t  
r e s u l t s  on s a m p l e s  t a k e n  i n  Way o f  1987 ,  on i n d i v i d u a l  p l o t s ,  
i n d i c a t e d  s o i l  t e s t  potassium l e v e l s  i n  t h e  s u r f a c e  s i x  inches  were i n  
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t h e  v e r y  h i g h  c a t e g o r y ,  and t e s t  l e v e l s  f o r  t h e  s i x  t o  t w e l v e  i n c h  
increment ranged from t h e  medium t o  t h e  very  high category (Table 2) .  
No a d d i t i o n a l  potassium f e r t i l i z e r  was needed or  used by the  cooperator  
on h i s  s u r r o u n d i n g  f i e l d ,  s o  K l e v e l s  were  n o t  b a l a n c e d  a c r o s s  t h e  
p l o t s .  Phosphorus was added a t  p l a n t i n g  by t h e  cooperator  a t  a r a t e  of  
50 pounds of 18-46-0 per  a c r e .  

Table 1. C u l t u r a l  p r a c t i c e s ,  p lan t ing ,  ha rves t ing ,  and treatment da tes .  

Var ie ty  
T i l l a g e  

Reg. Arkan 
Tandem d i s c  

2-Field c u l t i v .  
9-2 8- 86 
60 lbs/A 
3-6- 87 

Pioneer 2165 
Tandem d i s c  

2-Field c u l t i v .  
9-24- 87 
60 lbs/A 
9-24- 87 
2-24-88 
5-1 2-88 
6-21-88 

P lan t ing  Date 
Seeding Rate 
Treatment Dates 

Tissue  Sampling Date  
Harvest Date 

Table 2. S o i l  t e s t  d a t a ,  Shawnee County, Kansas - 1987. 

C 1  Sample Bray Exch. BC1-extractable 
Rates depth PH P K C1 NH4-N NO3-N 
lbs/A i n c h  lbs/A lbs/A P Pm P Pm P Pm 

No s t a t i s t i c a l  d i f f e r e n c e s  w i t h i n  s u r f a c e  o r  s u b s u r f a c e  s a m p l e s .  
Sampling d a t e  May 10,  1987. 



S o i l  samples were ans lyzed f o r  c h l o r i d e  con ten t  us ing a  Technicon 
Autoanalyzer and t h e  mercury (11) th iocyanate  method a s  repor ted  i n  
Methods of S o i l  Analys is ,  P a r t  Two by Page, M i l l e r ,  and Keeney ( 2 ) .  

Whole p l a n t  t i s s u e  samples were taken approximately a t  Feekes' 
Growth Stage 10.2, and analyzed f o r  c h l o r i d e  con ten t .  The a n a l y t i c a l  
procedure used f o r  t i s s u e  samples was a  po ten t iomet r i c  t i t r a t i o n  of  
c h l o r i d e  e x t r a c t s  us ing a  c h l o r i d e  ion e l e c t r o d e .  The e l e c t r o d e  was used 
t o  i n d i c a t e  t h e  end p o i n t  i n  t h e  t i t r a t i o n  o f  t h e  t i s s u e - e x t r a c t e d  
mixture w i t h  AgNO ( 1 ) . Grain y i e l d s  were taken a t  ma tu r i ty  and samples 
w e r e  r e t a i n e d  ?or t e s t  w e i g h t  a n a l y s i s .  The  p l o t  d e s i g n  was  a  
randomized complete block wi th  t h r e e  r e p l i c a t i o n s .  Analysis  of va r i ance  
was run on t h e  r e s u l t s .  

No s i g n i f i c a n t  d i s e a s e  p ressure  was noted a t  heading when t i s s u e  
samples were taken e i t h e r  year .  Disease p ressure  throughout the  growing 
c y c l e  was r a t e d  a s  l i g h t  both years .  

Even though no d i s e a s e s  were de tec ted  o r  measured e i t h e r  yea r ,  
s i g n i f i c a n t  y i e l d  d i f f e r e n c e s  were measured both  y e a r s  between t h e  check 
p l o t s  t h a t  d id  not r e c e i v e  any a d d i t i o n a l  c h l o r i d e  f e r t i l i z e r  and those  
p l o t s  tha t  d id  r e c e i v e  c h l o r i d e  f e r t i l i z e r  (Table  3 and 4 ) .  I n  1987, 
t h e r e  was no s i g n i f i c a n c e  between t h e  t h r e e  C 1  r a t e s  a v e r a g e d  o v e r  
sources ,  but i n  1988, t h e  60 pound r a t e  was s i g n i f i c a n t l y  b e t t e r  than  
t h e  30 pound r a t e  but not  t h e  90 pound r a t e  a t  t h e  95% confidence l e v e l .  

A s i g n i f i c a n t  d i f f e r e n c e  between sources  was found i n  1987, but not  
i n  1988.  The s o u r c e  d i f f e r e n c e  ir: 1 9 8 7 ,  o c c u r r e d  b e c a u s e  of t h e  
s i g n i f i c a n t  d i f f e r e n c e  between sources  a t  t h e  60 pound r a t e  a s  shown i n  
Table 5. There was no d i f f e r e n c e s  a t  any o t h e r  r a t e  o r  between r a t e s  i n  
1988, hence no d i f f e r e n c e  between sources.  It would appear t h a t  perhaps 
t h e  measured d i f f e r e n c e  a t  60 pounds was an excep t ion  a s  no o the r  r a t e  
was s i g n i f i c a n t  and t h e r e  i s  no reason t o  expect  one source  t o  out- 
perform another source  of t h e  c h l o r i d e  ion.  Because s o i l  potassium 
l e v e l s  were very  h i g h ,  t h e  d i f f e r e n c e  between sources  was not  a t t r i b u t e d  
t o  a  K r e s p o n s e .  N i t r o g e n  was b a l a n c e d ,  s o  no a d v a n t a g e  t o  e x t r a  
n i t rogen  was given t o  NH4C1. 

Concentrat ion of c h l o r i d e  i n  t h e  t i s s u e  was s i g n i f i c a n t l y  increased 
b o t h  y e a r s  by t h e  a p p l i c a t i o n  o f  c h l o r i d e  f e r t i l i z e r s .  A s i x - f o l d  
i n c r e a s e  was obtained i n  1987, between the  check p l o t s  and the high 
c h l o r i d e  r a t e  p l o t s .  The response was not a s  l a r g e  i n  1988, but was 
c e r t a i n l y  s i g n i f i c a n t ,  i n d i c a t i n g  t h a t  the  c o n c e n t r a t i o n  of ch lo r ide  i n  
t h e  t i s s u e  i s  d i r e c t l y  e f f e c t e d  by t h e  a p p l i c a t i o n  of  a  c h l o r i d e  
c o n t a i n i n g  f e r t i l i z e r .  C o n c e n t r a t i o n  of  t i s s u e  c h l o r i d e  was n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t  between f a l l  and s p r i n g  a p p l i c a t i o n  t i n e s ,  
however, t h e  s p r i n g  concen t ra t ion  l e v e l s  d id  show higher  t r e n d s  than did 
t h e  f a l l  concen t ra t ion  l e v e l s .  



Table 3 .  Chloride r a t e  and source e f f e c t s  on winter  wheat, Shawnee 
County, Kansas - 1987. 

C 1  Rates Source Yie ld  Test  Weight Tissue  Chloride 
lbs/A bu /A lbs/bu $ 

0 -- 
30 NH 4 C 1  
60 N H 4 C l  
90 NH4Cl 
30 KC 1 
60 KC1 
90 K C 1  

LSD (0 .05 )  

Mean Values: 

Source N H 4 C l  
KC1 
LSD (0 .05 )  

C1 Rates 30 
6 0 
90 
LSD (0 .05 )  



Table  4 .  Ch lo r ide  s o u r c e ,  r a t e ,  and a p p l i c a t i o n  t ime e f e c t s  on w i n t e r  
wheat,  Shawnee County, Kansas 1988. 

C 1  Ra te s  Source  Yie ld  Tes t  Weight T i s s u e  Ch lo r ide  
lbs/A bu/A l b s / b u  % 

0 -- 61 .8' 
3 0 N H 4 C l  65.0 
60 N H 4 C l  69.5 
90 N H 4 C 1  68.4 
30 K C 1  67.5 
6 0 K C 1  6 8.5 
90 KC 1 66.2 

LSD (0.05) 3.9 

Mean Values: 

Source N H 4 C l  67.6 59 .5 1 
K C 1  67.4 5 9 .4 5 
LSD(0.05) NS N S NS 

C 1  Rates  30 66.2 5 9 
60 69 .O 5 8 
90 67-3  5 8 
LSD(0.05) 2.0 NS 

Time F a l l  67.8 5 8 .48 
S p r i n g  67.2 5 8 .52 
LSD (0.05) NS NS NS 

' ~ v e r a ~ e d  a c r o s s  a p p l i c a t i o n  times which were no t  s i g n i f i c a n t  . 



Table 5. Chloride r a t e  and source e f f e c t s  on winter wheat, Shawnee 
County, Kansas, 1987 and 1988. 

C 1  Rates Source Yield Test Weight Tissue Chloride 
lbs/A bu/A lbs/bu % 

1987 C 1  Rates 

30 N H 4 C l  
KC1 
LSD (0.05) 

60 N H 4 C l  
K C 1  
LSD (0.05) 

LSD (0.05) 

1988 C 1  Rates 

LSD (0.05) 

6 0  N H 4 C l  
KC1 
LSD (0.05) 

90 NH4C1 
KC1 
LSD (0.05) 



T i n e  of  a p p l i c a t i o n  i n  t h e  1988 s t u d y  was n o t  s i g n i f i c a n t .  
(Table 4 ) .  Other r e s e a r c h e r s  have shown t h a t  topdressed a p p l i c a t i o n s  
have s i g n i f i c a n t  e f f e c t s  on y i e l d s  when d i s e a s e  i n f e c t i o n s  occur ic t h e  
sp r ing .  A s  i n d i c a t e d  e a r l i e r ,  d i s e a s e  p ressure  was very l i g h t  both 
y e a r s  a t  t h i s  l o c a t i o n .  

I n  summary, i n  both  y e a r s  a  response t o  c h l o r i d e  f e r t i l i z a t i o n  was 
noted i n  s p i t e  of d i s e a s e s  not  being de tec ted .  The exac t  reasons  f o r  
t h e  increased y i e l d s  a r e  not  known and warrant  f u r t h e r  study.  I n  o t h e r  
s t u d i e s  where d i s e a s e s  a r e  suppressed,  y i e l d  i n c r e a s e s  due t o  c h l o r i d e  
a d d i t i o n s  a r e  more unders tandable .  These inc reased  y i e l d s ,  while not 
l a r g e ,  a r e  c o n s i s t e n t .  P r o d u c e r s  i n  t h i s  a r e a  o f  Kansas  w i t h  good 
management techniques  should  g ive  cons ide ra t ion  t o  t h e  a p p l i c a t i o n  of 
c h l o r i d e  f e r t i l i z e r s  w i t h  r a t e s  o f  30 t o  6 0  pounds  b e i n g  t h e  most  
economical. 
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