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ABSTRACT 

Field studies were conducted in 1990 at three sites to compare 
the relative effectiveness of ammonium thiosulfate (ATS, 12-0-0- 
26s) , dicyandiamide (DCD) , and nitrapyrin (NP, ' N-Serve 24E' ) as 
nitrification inhibitors in combination with banded urea-ammonium 
nitrate ( U A N ) .  Applications were banded prior to planting spring 
wheat, and soil samples taken 2, 4, and 8 weeks after 
application. ATS, DCD, and NP inhibited nitrification at all 
three sites. ATS inhibited nitrification at the 4 week sampling, 
but the degree of inhibition was less than observed for DCD or 
NP. NP was a stronger inhibitor of nitrification than DCD at one 
of three sites at the 4 week sampling. Only NP showed any 
nitrification inhibition after 8 weeks. There appeared to be no 
"synergism" by banding ATS and DCD together. This study does 
confirm previous findings that including ATS in fertilizer bands 
can slow nitrification, but NP or DCD should be used if a higher 
degree of inhibition is desired. 

INTRODUCTION 

Soil scientists have long searched for inexpensive methods of 
inhibiting nitrification. Slowing nitrification helps reduce 
nitrate leaching and denitrification, thus maximizing the 
economic and environmental efficiency of N application. Slowing 
nitrification can also promote ammonium uptake by plants, which 
has been shown to improve growth and/or disease resistance in 
some trials. Currently two nitrification inhibitors are commonly 
available for farm use, dicyandiamide (DCD) and nitrapyrin (NF). 
Recent research has shown that ammonium thiosulfate (ATS), a 
common liquid sulfur fertilizer, possesses some ability to 
inhibit nitrification when included in simulated band 
applications in the laboratory or field (Goos, 1985; Goos and 
Johnson, 1989). The first objective of our 1990 field trials was 
to determine if ATS will inhibit nitrification when applied with 
commercial application banding equipment in the field. 
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The second  p u r p o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  i f  t h e r e  i s  a  
"synerg ism" be tween  ATS and DCD a s  n i t r i f i c a t i o n  i n h i b i t o r s .  One 
major  f e r t i l i z e r  company h a s  i n t r o d u c e d  b o t h  l i q u i d  and  s o l i d  
f e r t i l i z e r s  c o n t a i n i n g  u r e a ,  ATS, a n d  DCD. I t  i s  f e l t  by some 
European r e s e a r c h e r s  t h a t  ATS, a s  a  r e d u c i n g  a g e n t ,  s l o w s  t h e  
chemica l  d e c o m p o s i t i o n  o f  DCD, t h u s  r e d u c i n g  t h e  r a t e  o f  DCD 
needed t o  i n h i b i t  n i t r i f i c a t i o n .  These  c o n c e p t s  have  n o t  b e e n  
wide ly  e v a l u a t e d .  

METHODS 

Three  f i e l d  s t u d i e s  were e s t a b l i s h e d  i n  t h e  s p r i n g  o f  1990 i n  
e a s t e r n  N o r t h  Dakota .  One s i t e  was on a  Hec la  loamy s a n d  s o i l  
and  t h e  o t h e r  two were on Fa rgo  s i l t y  c l a y  s o i l s .  The i n d i v i d u a l  
s i tes  were e s t a b l i s h e d  from e a r l y  t o  l a t e  May t o  g i v e  a  r a n g e  of  
e n v i r o n m e n t a l  c o n d i t i o n s .  L i q u i d  f e r t i l i z e r s ,  b a s e d  on u r e a -  
ammonium n i t r a t e  (UAN), were a p p l i e d  on 1 4  i n c h  c e n t e r s  a b o u t  5 
i n c h e s  d e e p  u s i n g  m o d i f i e d  t h i n - p r o f i l e  anhydrous  ammonia k n i v e s  
and  a  7 - k n i f e  a p p l i c a t o r .  The f e r t i l i z e r  s o l u t i o n s  were pumped, 
metered, a n d  i n j e c t e d  u s i n g  commercial  f e r t i l i z e r  a p p l i c a t i o n  
equipment  ( John  B l u e  Co. ) . The b a n d s  were marked w i t h  f l a g s  and 
t h e  s i t e  seeded t o  s p r i n g  wheat .  

The f e r t i l i z e r  s o l u t i o n s  t e s t e d  were: 1. UAN, 2 .  UAN+ATS (25 -0 -  
0 -5 ) ,  3 .  UAN+DCD ( 2 . 7  l b  DCD/A) ,  4 .  UAN+ATS+DCD, and  5 .  UANtNP 
( 0 . 5  l b / A  n i t r a p y r i n  a s  IN-Serve 2 4 E ' ) .  The t o t a l  amount o f  
( u r e a  + ammonium + n i t r a t e ) - N  a p p l i e d  v a r i e d  s l i g h t l y  be tween  
t r e a t m e n t s ,  b u t  t h e  amount of  ( u r e a  + ammonium)-N was e q u a l  a t  67 
l b  N / A .  A c o n t r o l  t r e a t m e n t  where t h e  s o i l  was k n i f e d  w i t h o u t  
f e r t i l i z a t i o n  was a l s o  p r e p a r e d .  I n d i v i d u a l  p l o t  s i z e  was 8 x 30 
fee t  and  t h e  e x p e r i m e n t a l  d e s i g n  a t  e a c h  s i t e  was a  r andomized  
comple t e  b l o c k  w i t h  f o u r  r e p l i c a t i o n s .  

The day  a f t e r  f e r t i l i z e r  a p p l i c a t i o n  t h e  bands  o f  t h e  c o n t r o l  
t r e a t m e n t  a n d  t h e  p l o t s  r e c e i v i n g  UAN were sampled  t o  e s t a b l i s h  
i n i t i a l  ( u r e a  + ammonium) l e v e l s  i n  t h e  band samples .  A l l  p l o t s  
were sampled  2 ,  4 ,  and  8 weeks a f t e r  a p p l i c a t i o n .  The f e r t i l i z e r  
bands  were sampled  by t a k i n g  s i x  c o r e s  p e r  p l o t  o f  4 i n c h e s  
d i a m e t e r  by  8 i n c h e s  deep  c e n t e r e d  on t h e  f e r t i l i z e r  b a n d s .  The 
c o r e s  were dried, g round ,  and  mixed t h o r o u g h l y  b e f o r e  subsampl ing  
f o r  a n a l y s i s .  The samples  were a n a l y z e d  f o r  ( u r e a  + ammonium)-N 
o r  ammonium-N b y  s t e a m  d i s t i l l a t i o n .  

RESULTS 

S i m i l a r  t r e a t m e n t  e f f ec t s  were o b s e r v e d  a t  a l l  t h r e e  s i t es ,  t h u s  
t h e  d a t a  p r e s e n t e d  h a s  been a v e r a g e d  a c r o s s  s i t es  f o r  s i m p l i c i t y .  
The e f f e c t  o f  f e r t i l i z e r  c o m p o s i t i o n  on r e s i d u a l  ammonium i n  t h e  
s o i l  i s  shown i n  T a b l e  1. L i t t l e  n i t r i f i c a t i o n  o c c u r r e d  d u r i n g  
t h e  f i r s t  2  weeks.  Adding ATS, DCD, o r  NP t o  t h e  f e r t i l i z e r  
s o l u t i o n s  s i g n i f i c a n t l y  i n c r e a s e d  s o i l  ammonium l e v e l s  a t  o n e  of 
t h e  t h r e e  l o c a t i o n s .  



G r e a t e r  d i f f e r e n t i a t i o n  between t h e  t r e a t m e n t s  o c c u r r e d  4 weeks 
a f t e r  a p p l i c a t i o n .  The ammonium-N l e v e l  i n  t h e  band samples was 
28  ppm w i t h  banded UAN.  Adding ATS t o  t h e  UAN i n c r e a s e d  s o i l  
ammonium l e v e l s  a t  a l l  t h r e e  s i t es ,  a v e r a g i n g  50 ppm. S o l u t i o n s  
w i t h  DCD were somewhat b e t t e r  t h a n  UAN+ATS, a v e r a g i n g  about  6 5  
ppm. N P  was t h e  b e s t  i n h i b i t o r ,  a v e r a g i n g  77 ppm a f t e r  4 weeks. 

N e i t h e r  ATS n o r  DCD had any i n f l u e n c e  on s o i l  ammonium l e v e l s  
a f t e r  8 weeks. N P  c o n t i n u e d  t o  s low n i t r i f i c a t i o n  a t  a l l  t h r e e  
s i t e s  w i t h  about  15% of  t h e  o r i g i n a l  a p p l i c a t i o n  s t i l l  p r e s e n t  a s  
ammonium. 

Al though s i g n i f i c a n t  e f f e c t s  of  ATS and DCD on s o i l  ammonium 
l e v e l s  were observed,  no "synergism" between ATS and DCD was 
o b s e r v e d  a t  any s i t e .  

AGRONOMIC INTERPRETATION 

The d e g r e e  of a c c e p t a b l e  n i t r i f i c a t i o n  i n h i b i t i o n  depends on t h e  
agronomic o b j e c t i v e s .  Minimizat ion  of  N l o s s  from a  l e a c h i n g  o r  
d e n i t r i f i c a t i o n  e v e n t  demands a  h i g h  degree  of  i n h i b i t i o n .  The 
d e g r e e  of  n i t r i f i c a t i o n  i n h i b i t i o n  observed i n  t h i s  s t u d y  was 
NP>DCD>ATS, b u t  a l l  t h r e e  i n h i b i t o r s  cou ld  be  of  agronomic 
b e n e f i t  i f  t h e  l e a c h i n g  o r  d e n i t r i f i c a ~ i o n  e v e n t  o c c u r r e d  d u r i n g  
t h e  f i r s t  4 weeks a f t e r  a p p l i c a t i o n .  Only NP gave  s i g n i f i c a n t  
i n h i b i t i o n  a t  t h e  8 week sampl ing .  

I f  t h e  o b j e c t i v e  is t o  o b t a i n  an  e a r l y  p h y s i o l o g i c a l  r e sponse  
from "enhanced ammonium n u t r i t i o n "  ( E A S ) ,  t h e n  any of  t h e  t h r e e  
i n h i b i t o r s  t e s t e d  might b e  of  b e n e f i t .  For  example, wheat has  
responded s i g n i f i c a n t l y  t o  EAS i n  greenhouse t r i a l s  (Camberato 
and Bock, 1 9 9 0 a ) .  The y i e l d  component most d r a m a t i c a l l y  
i n f l u e n c e d  by EAS i s  t i l l e r i n g  (Camberato and Bock, 1 9 9 0 b ) .  
S i n c e  s p r i n g  wheat i n i t i a t e s  i t s  most impor tan t  t i l l e r  p o s i t i o n s  
4 -6  weeks a f t e r  s e e d i n g ,  t h e n  banded f e r t i l i z e r s  w i t h  ATS, DCD o r  
NP might  g i v e  a  t i l l e r i n g  response .  I f  an ammonium supp ly  i s  
needed w e l l  i n t o  t h e  boo t  s t a g e ,  t o  p o s s i b l y  improve d i s e a s e  
r e s i s t a n c e ,  t h e n  a  ve ry  s t r o n g  i n h i b i t o r  l i k e  NP would be needed. 

F u r t h e r  r e s e a r c h  i s  needed t o  de te rmine  i f  banded f e r t i l i z e r s  
w i t h  n i t r i f i c a t i o n  i n h i b i t o r s  can g i v e  t h e  b e n e f i t s  of "enhanced 
ammonium n u t r i t i o n "  obse rved  i n  greenhouse s t u d i e s  (Camberato and 
Bock, 1990a,  1990b) .  
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Table 1. Residual (urea + ammonium) or ammonium-N in fertilizer 
band samples as influenced by adding ATS, DCD, or NP to UAN. 
Three site average, North Dakota, 1990. 

.......................................................... .......................................................... 
Fertilizer ---------- Weeks after application-------- 
Treatment 0 2 4 8 
.......................................................... .......................................................... 

-----------------ppm N------------------ 
None 4 5 4 3 
UAN 11 3 79 28 5 
UAN+ATS 84 50 4 
UAN+DCD 105 64 8 
UAN+DCD+ATS 100 67 7 
UAN+NP 104 77 22 
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