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F e r t i l i z e r  n i t r o g e n  (N) e f f i c i e n c y  i n  n o - t i l l cereals produc t ion  has 
proven t o  be  reduced a t  lower  N rates r e l a t i v e  t o  convent iona l  t i l lage us ing  
c u r r e n t  f e r t i l i z a t i o n  p r a c t i c e s .  Some of t h e  p roce s se s  t h a t  appear  t o  induce 
the  a d d i t i o n a l  l o s s e s  are d e n i t r i f i c a t i o n ,  v o l a t i l i z a t i o n  and,  perhaps  most 
impor t an t l y ,  immobi l i za t ion .  I n  a t y p i c a l  n o- t i l l  s i t u a t i o n  t h e  l a y e r  o f  
o r g a n i c  r e s i d u e  t h a t  accumula tes  on t h e  s u r f a c e  o f  t h e  s o i l  is  r e s p o n s i b l e  f o r  
a c c e n t u a t i n g  these p roce s se s .  T h i s  t ype  o f  r e s i d u e  g e n e r a l l y  ha s  a h igh  C:N 
r a t i o  t h a t  induces  i n o r g a n i c  N a s s i m i l a t i o n  i n t o  o r g a n i c  N. 

One way o f  measuring N fer t i l izer  e f f i c i e n c y  is t o  e v a l u a t e  p l a n t  N uptake 
i n  q u a n t i t a t i v e  terms. The amount of f e r t i l i z e r  N t aken  up depends on va r i ous  
factors, such as t h e  t y p e  o f  c rop ,  r o o t  d i s t r i b u t i o n ,  t ype  and amount of  
f e r t i l i z e r ,  N d i s t r i b u t i o n  i n  t h e  p r o f i l e ,  t empera ture  and r a i n f a l l .  
(Broadbent 1984). 

The  up take  of N coming from fer t i l izer  can be measured by d i f f e r e n t  
methods. A popula r  one i s  t h e  d i f f e r e n c e  or N ba lance  method which makes the  
assumption t h a t  t h e  N de r ived  from f e r t i l i z e r  is  equa l  t o  t h e  t o t a l  uptake of 
the  f e r t i l i z e d  c rop  less t h e  N t aken  up by t h e  u n f e r t i l i z e d  c o n t r o l .  Another 
method. and p o s s i b l y  t h e  b e s t ,  is t h e  u se  o f  i s o t o p i c a l l y  l a b e l e d  N fe r t i l i ze r  
t o  de te rmine  t h e  f r a c t i o n  o f  t o t a l  p l a n t  N r e s u l t i n g  from f e r t i l i z e r  a d d i t i o n .  
When t h e  two aforement ioned methods are compared, r e s u l t s  may o r  may no t  be 
equa l .  The purpose o f  t h i s  paper  i s  t o  share t h e  a u t h o r s ’  obse rva t i ons  when 
comparing these two procedures  on two n o- t i l l a g e  corn  t r i a l s  and t o  suggest an 
o p e r a t i v e  mechanism t h a t  e x p l a i n s  our o b s e r v a t i o n s .  The f i e l d  exper iments  
were conducted p r i m a r i l y  t o  e v a l u a t e  p l a n t  up take  o f  N f e r t i l i z e r  and 
fe r t i l i ze r  N e f f i c i e n c y  for d i f f e r e n t  methods o f  N fe r t i l i ze r  placement. 

The exper iments  were conducted on two d i f f e r e n t  s o i l s ,  a Donerai l  silt 
loam (Typic  Arg iudo l l )  l o c a t e d  n e a r  Lexington,  Ky. and a Pope silt loam 
( F l u v e n t i c  Dys t roch rep t )  a t  Quicksand, Ky du r ing  1983 and 1984. The Pope 

The i n v e s t i g a t i o n s  r e p o r t e d  i n  t h i s  paper  (No. 85-3-88) are publ ished w i t h  
approva l  o f  t h e  d i r e c t o r ,  Kentucky A g r i c u l t u r a l  Experiment S t a t i o n .  
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s o i l ,  though well d r a ined ,  c o n t a i n s  a subsu r f ace  water t a b l e .  A l l  r e s i d u e s  
were l e f t  on t h e  s u r f a c e  and a w i n t e r  annua l  c e r e a l  cover  c rop  was grown on 
t h e  Donera i l  so i l .  

On t h e  Donera i l  s o i l  t h r e e  d i f f e r e n t  methods of N placement a t  p l a n t i n g  
time, i nc lud ing  b roadcas t i ng ,  s u r f a c e  banding, and subsu r f ace  band placement,  
were eva lua t ed  a g a i n s t  an u n f e r t i l i z e d  c o n t r o l .  A l l  t r e a t m e n t s  bu t  t h e  
c o n t r o l  r e ce ived  one a p p l i c a t i o n  o f  112 kg N/ha as I 5  N d ep l e t ed  ammonium 
n i t r a t e  a t  p l a n t i n g .  

For  t h e  Pope s o i l  t h e  N placement t r e a t m e n t s  were b roadcas t i ng  v e r s u s  
subsu r f ace  banding. Both t r e a t m e n t s  r e ce ived  a n  a p p l i c a t i o n  o f  90 kg N/ha as 

dep l e t ed  ammonium n i t r a t e .  An u n f e r t i l i z e d  c o n t r o l  was inc luded  as well. 

For  bo th  s o i l s  t h e  subsu r f ace  band t r e a tmen t  c o n s i s t e d  o f  a t r e n c h  3 
i n ches  wide and 3 i n c h e s  deep l o c a t e d  3 i n ches  t o  t h e  s i d e  o f  t h e  co rn  row. 
The f e r t i l i z e r  was a p p l i e d  t o  t h e  bottom of t h e  t r e n c h  and covered.  The 
s u r f a c e  band c o n s i s t s  o f  a 3 i n ch  wide f e r t i l i z e r  a p p l i c a t i o n  t o  t h e  s o i l  
s u r f a c e  3 i n c h e s  t o  t h e  s i d e  o f  t h e  co rn  row. P l a n t i n g  d a t e s  v a r i e d  accord ing  
t o  s p r i n g  time c o n d i t i o n s  (Table 1). Whole p l a n t  t i s s u e  samples were acqui red  
j u s t  p r i o r  t o  h a r v e s t  a t  both l o c a t i o n s  (Tab le  1) and s e p a r a t e d  i n t o  g r a i n  and 
s t o v e r  f o r  a n a l y s i s .  

Table  1. P l a n t i n g  and h a r v e s t  dates and growing season  weather d a t a  from 1983 
and 1984 a t  bo th  l o c a t i o n s .  

~~ ~ ~ 

Average 
Loca t ion  S o i l  Date o f  R a i n f a l l  Dai ly  Temp. 

S e r i e s  Year P l a n t i n g  Harvest  June  J u l y  Aug. June J u l y  Aug. 

Lexington Donera i l  	 1983 31 May 5 Oct. 8.6 2.6 4.1 22.1 26.6 21.2 
1984 22 May 26 Sep t .  12.3 9.4 3.4 24.4 22.1 24.4 

Quicksand Pope 	 1983 5 May 12 Oct. 5.2 5.8 12.5 22.2 25.5 26.1 
1984 18 May 6 Nov. 1 . 0  12.8 11.8 23.9 23.3 24.4 

Weather s t a t i o n  d a t a  f o r  t h e  months June-August i n d i c a t e d  t h a t  t h e  1983 
growing season  was g e n e r a l l y  h o t t e r  and drier t han  t h a t  f o r  1984. The 
Lexington s i t e  was g e n e r a l l y  d r i e r  t han  the  Quicksand s i t e  both yea r s .  
Because o f  t h i s  l a t t e r  fac t  a t o t a l  of 18.0 cm of i r r i g a t i o n  water was a p p l i e d  
from 15 Ju ly  t o  23 August, 1983 and 3.8 cm on 25 J u l y ,  1984 a t  t h e  Lexington 
l o c a t i o n .  

The effect o f  t h e  1 5 N dep l e t ed  ammonium n i t r a t e  a p p l i c a t i o n  for d i f f e r e n t  
placement methods was e v i d e n t  when t h e  atom % 1 5 N was determined (Table  2). 
The atom percen tage  o f  l 5 N d e c r e a s e s  as t h e  f e r t i l i z e r  i s  p l a c e d  i n  a 
concen t r a t ed  band c l o s e  t o  t h e  row. The h ighes t  percen tage  of l4N i n  
ha rve s t ed  p l a n t  t issue was found f o r  t h e  subsu r f ace  band t r e a t m e n t s  f o r  bo th  
soils and bo th  y e a r s .  
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Table  2. 	 S o i l  and fe r t i l i ze r  N recovery by n o- t i l l  corn  a t  bo th  l o c a t i o n s  f o r  
bo th  produc t ion  y e a r s .  

Placement Total atom F e r t i l i z e r  N Recovery By: Grain 
Treatment N Uptake S tove r  Grain Balance I s o t o p e  Yield 

Kg/ha _________ % ______ ______L_______Kg/ha ________________ 

C n t r l *  98 
Brdcs t  128 
Srf Bnd 145 
Sbs r f  Bnd 142 

LSD0 . 0 5  

C n t r l  43 
Brdcs t  70 
S b s r f  Bnd 83 

LSDO 

C n t r l  54 
Brdcs t  110 
Srf Bnd 110 
Sbs r f  Bnd 140 

LSDO.05  

C n t r l  32 
Brdcs t  88 
Sbs r f  Bnd 95 

L S D O . 0 5  

Donera i l  - 1983 

0.370 0.373 

0.289 0.290 30 

0.250 0.261 47 

0.240 0.247 44 


0.024 0.027 


Pope - 1983 

0.363 0.367 

0.302 0.287 27 

0.246 0.242 40 


0.015 0.027 


Donera i l  - 1984 

0.365 0.366 

0.298 0.253 56 

0.277 0.263 56 

0.257 0.243 86 


0.035 0.026 


Pope - 1984 

0.365 0.366 
0.267 0.271 56 
0.260 0.239 63 

0.015 0.048 


28 2 

47 0 

49 -5 


L S D O . 1 0  

13 14 

27 13 


LSDO.10 

_ _  
29 27 

30 26 

43 43 


LSD0.10  

23 33 

31 32 


LSDO.05 

4830 

5900 

6030 

6310 


1170 


3590 

5850 

6880 


1000 


4110 

6470 

6070 

6620 


980 


3290 

7980 

8350 


1200 


+ D i f f .  = F e r t i l i z e r  N (ba l ance  method) - f e r t i l i z e r  N ( i s o t o p e  d i l u t i o n  
method) = F e r t i l i z e r  Induced S o i l  N Recovery. 

C n t r l  = u n f e r t i l i z e d  c o n t r o l ;  Brdcs t  = broadcas t ;  Srf Bnd = s u r f a c e  band; 
Sbsr f  Bnd = subsu r f ace  band. 
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Tota l  N up take  f o r  t h e  u n f e r t i l i z e d  c o n t r o l s  was l e ss  on t h e  Pope s o i l  as  
compared t o  t h e  Donera i l  s o i l .  Cont ro l  p l o t  g r a i n  y i e l d s  f o r  t h e  Pope 
r e f l e c t e d  t h e  lower n a t i v e  N supply,  averaging 3440 kg/ha. Comparable y i e l d s  
on t h e  Donera i l  averaged 4410 kg/ha. 

Add i t i ona l l y ,  a l l  t h e  N t r ea tmen t s  increased  t h e  t o t a l  N uptake.  Banding 
was g e n e r a l l y  s u p e r i o r  t o  b roadcas t i ng  i n  i n c r e a s i n g  t o t a l  N uptake and N 
f e r t i l i z e r  recovery  as  c a l c u l a t e d  by bo th  t h e  ba lance  and i s o t o p e  d i l u t i o n  
method i n  bo th  s o i l s  f o r  bo th  y e a r s  (Tab le  2 ) .  The data ind ica te  t h a t  N 
f e r t i l i z e r  up take  was improved when t h e  f e r t i l i z e r  was l o c a t e d  close t h e  row 
and was the  b e s t  when t h e  f e r t i l i z e r  was l o c a t e d  below t h e  mulch l a y e r ,  
presumably because immobi l i za t ion  was avoided. Y i e l d s  were g e n e r a l l y  improved 
by subsu r f ace  banding, which ou ty i e lded  broadcas t  N anywhere from 2 t o  1 8 %  

Even though t h e  t r e n d  for N f e r t i l i z e r  recovery by corn  is  t h e  same when 
c a l c u l a t e d  e i t h e r  by t h e  ba lance  method or t h e  i s o t o p e  d i l u t i o n  method, t h e  
a c t u a l  recovery  was g e n e r a l l y  ve ry  d i f f e r e n t  where bo th  methods were compared. 
I n  t h e  Donera i l  s o i l  t h e  c a l c u l a t e d  f e r t i l i z e r  recovery  by t h e  two methods was 
e s s e n t i a l l y  equa l  i n  1983 (Table 2). I n  1984 t h e  f e r t i l i z e r  recovery  by t h e  
d i f f e r e n c e  method is  double  t h a t  o f  t h e  i s o t o p e  d i l u t i o n  method on t h i s  s o i l .  

F e r t i l i z e r  N recovery  by t h e  d i f f e r e n c e  method may be expected t o  be 
h ighe r  t h a n  t h e  i s o t o p e  d i l u t i o n  method because t h e  f e r t i l i z e d  p l a n t s  can 
develop a larger r o o t  system t h a t  can  e x p l o r e  more s o i l  (Broadbent,  1984). 
Th is  could be de sc r i bed  as f e r t i l i z e r  induced recovery  of s o i l  N. I n  1983, N 
f e r t i l i z e d  corn  grown on t h e  Donera i l  s o i l  r ecovered  l i t t l e ,  i f  any, 
a d d i t i o n a l  so i l  N. S o i l  N a v a i l a b i l i t y  as measured by t h e  c o n t r o l  was h i g h e r  
t han  f o r  any o t h e r  loca t ion- year .  A l a c k  o f  sub- surface s o i l  mo i s tu r e  may 
have played a s i g n i f i c a n t  r o l e  as  well. I r r i g a t i o n  t o  t h e  s o i l  s u r f a c e  
probably s t i m u l a t e d  p r o p o r t i o n a t e l y  equa l  recovery  o f  s o i l  and f e r t i l i z e r  
n i t r ogen .  I n  1984 t h e r e  was no t  as  large a mois tu re  c o n s t r a i n t  and t h e  
a p p l i c a t i o n  of N appears  t o  have s t i m u l a t e d  greater recovery  o f  s o i l  N from 
t h e  Donera i l  s o i l .  Y i e ld s  were no t  g r e a t l y  d i f f e r e n t  between t h e  two y e a r s .  

I n  t h e  Pope s o i l  t h e  recovery  o f  N f e r t i l i z e r  was larger where c a l c u l a t e d  
by t h e  d i f f e r e n c e  method i n  bo th  1983 and 1984, though o v e r a l l  up take  and N 
f e r t i l i z e r  recovery  was greater i n  1984. I n  t h i s  case t h e r e  was n o t  a s o i l  
mois tu re  c o n s t r a i n t  because o f  t h e  subsu r f ace  water t a b l e .  Y ie ld s  i n  1984 
were s u p e r i o r  t o  t h o s e  f o r  1983 a t  t h i s  l o c a t i o n .  Recovery o f  f e r t i l i z e r  N. 
as  c a l c u l a t e d  by t h e  i s o t o p e  d i l u t i o n  method, averaged 26% o f  t h a t  a p p l i e d  f o r  
both t r e a t m e n t s  bo th  y e a r s .  When comparable t r e a t m e n t s  are  cons idered ,  t h e  
n o- t i l l  corn  grown on t h e  Donera i l  s o i l  recovered 33% o f  t h e  a p p l i e d  N. 
F e r t i l i z e r  induced recovery  of s o i l  N was q u i t e  s u b s t a n t i a l  on t h e  Pope s o i l  
and accounted for 15 t o  35% of t h e  t o t a l  up t ake  recorded  a t  h a r v e s t .  

Y i e l d  i n c r e a s e s  t o  subsu r f ace  placement over  b roadcas t i ng  were g e n e r a l l y  
much less  i n  1984 (average  + 3.5%) t han  i n  1983 (average  + 12.3%). When 
comparing t h e  two so i l s  t h e  y i e l d  response  t o  subsu r f ace  placement was greater 
on t h e  Pope s o i l  ( average  + 11%) than  t h e  Donera i l  (average  + 5%), i n  keeping 
w i t h  t h e  poorer  n a t i v e  s o i l  N supply i n  t h e  former.  The response p a t t e r n  may 



be related to a substitution of fertilizer N placed proximal to the developing 

plant for the native soil N that is acquired when N fertilizer is broadcast. 

This substitution appears to be most important in dry years. It is 
interesting to think that a major benefit of N fertilizer is to stimulate 
recovery of soil N. The data also suggests that subsurface N placement at 
planting may be more beneficial on droughty soils and/or soils with a 

diminished capacity to supply soil N. 
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