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Abstract 

Results f rom four field experiments (1991 and 1992)  showed that 
anhydrous ammonia (AA) concentration in the band increased NH4-N persistence in 
the  Hord and Sharpsburg soils in  1992, but not in the Cass and Zook soils in 
1991 .  In 1992, average half-life across both soils was increased from 1 4  days 
when  applied in a 38  c m  spacing t o  6 6  days when applied in a 1 5 2  c m  spacing 
(every other row)  at the high application rate (224  kg  N ha-'). A half-life o f  6 6  
days indicates 2 5 %  of  the applied AA would be present in the ammonium form 
1 3 2  days after application. Thus, "every other r o w  AA" spacing could provide a 
l o w  cost  management practice that  could potentially compare t o  or be superior t o  
presently used nitrification inhibitors. 

Introduction 

Injection o f  anhydrous ammonia (AA) into the soil results in NH4-N 
distribution in a localized circular shaped band along the line o f  injection. The size 
and NH4-N concentration on the AA band varies w i th  application rate, soil physical 
conditions, organic matter content and band application spacing. High AA concen- 
trations, which cause very high p H  in the band area are of ten considered to  be 
inhibitory t o  nitrification, keeping the fertilizer N in the NH4-N form for a longer 
period o f  t ime compared t o  lower concentrations. Keeping N in  the NH4-N form is 
generally believed to  increase fertilizer N efficiency by reducing movement of NO,- 
N t o  deeper soil depths and/or denitrification losses. Since increasing AA 
application band width (at the same application rate) results in  increased AA 
concentration in the band, knife spacing is a management tool that  could have 
potential for increasing fertilizer N efficiency. This assumes increased knife 
spacing does not negatively affect crop yield. Increased knife spacing for applying 
A A  could be a low cost management tool similar to  nitrification inhibitors. 

This report discusses only the effects of AA knife spacing on  NH4-N 
persistence. However, irrigated corn grain yields were also obtained on the four 
soils in this report. Grain yields were significantly higher when AA was applied in 
3 8  and 7 6  c m  spacings compared t o  1 5 2  c m  on the coarse textured soil (Cass fsl) 
studied. There was no effect o f  AA knife spacing on corn grain yields when 
applied t o  fine textured soils. There may have been greater AA application losses 
when  applied in the wide spacing (every other row)  in coarse textured then in the 
fine textured soils. Yield data, therefore, indicated that AA can likely be 
successfully applied in every other r o w  for irrigated corn wi thout affecting grain 
yields. 



Objectives 

To evaluate the persistence of  ammonium in the A A  band as affected by 
concentration of applied A A  and t o  compare A A  application spacing on N 
distribution the soil profile after harvest. 

Methods 

Field experiments w i th  center pivot irrigated corn were conducted on four 
soils in  1991 and 1992, (Cass fsl and Zook sic1 in 1991; Hord sil and Sharpsburg 
sic1 in 1992).  Experiments had four AA rates plus a check (56, 1 1  2, 168  and 2 2 4  
k g  N ha-') applied in knife spacings of  38, 7 6  and 1 5 2  cm. Ammonium nitrate 
(AN) was applied at similar rates as a standard for comparison. Treatments were 
applied in 1 2  m long x 3 m wide plots w i th  0.72 m rows. All cultural practices of 
planting, herbicide and insecticide application and irrigation were conducted by the 
cooperating farmer. A A  and AN treatments were applied immediately after 
planting. A A  was knifed approximately 15-20 c m  deep, parallel t o  the r o w  w i th  a 
field applicator calibrated at  each knife outlet by  weighing A A  released in water at 
t imed intervals. Soil samples were taken at 7.5 c m  depth intervals t o  a depth of 
37.5 c m  in  t w o  replications with a hand probe guided by  a steel template w i th  1 3  
horizontal sampling locations 2.5 c m  apart (Fig. 1 ). Samples were taken three 
times at  25  day intervals starting June 6, 1991, and four times in 1992, (May 18, 
May  26, June 4, June 22).  Residual soil N was determined from composite 
samples taken after harvest in  1991  (Fig. 2). 

Data was evaluated by fitt ing NH4-N and NO,-N concentrations in the band 
area t o  a normal distribution function. This model provided parameters "A"  and 
"B" which are related t o  the height (A) and spread (B) o f  the distribution. Areas 
under the normal distribution curves were calculated and a first order kinetic model 
was fitted t o  the data (N, = N,ekt) t o  determine the rate constant (k), o f  NH4-N 
disappearence. Diffrences in the rate o f  NH4-N disappearences were tested by 
evaluating homogeniety o f  slope for the linearized first order equation. Half life o f  
the band was calculated as 0.6931k. 

Results and Discussion 

Cass and Zook Soils (1991) 

The normal curve functions used t o  f i t  the NH4-N and NO,-N concentrations 
in the Cass and Zook soils is shown in Fig. 3. The analysis o f  variance for the A 
parameter (height o f  the distribution or maximum NH4-N concentration) and B 
(wid th  o f  the distribution) are shown in  Table 1. I t  is readily apparent that the 
NH4-N concentrations were significantly higher in the Cass than the Zook soil 2 5  
days after AA  application, especially at the higher application concentrations. The 
37, 7 5  and 149  kg ham1 knife application concentrations conform t o  the 38, 7 6  and 
1 5 2  c m  spacings, respectively, at the 2 2 4  kg  ha" N rate (Table 2). However, 
while the concentration o f  NH4-N was much higher in the band area in the Cass 



soil, the width  o f  the band was much greater in  the Zook soil (smaller B) especially 
a t  the wide spacing (high application concentration) for the first sampling (Table 3). 
T o  test  persistence of  the NH4-N in  the band the area under the normal curves 
(NH4-N Index) was plotted as a function o f  time after N application (Fig. 4 and 
Table 4). Results indicate the rate o f  NH4-N disappearance from the band area was 
significantly faster in the Cass than the Zook soils even through NH4-N was moved 
horizontally t o  greater distances f rom the injection point in the Zook soil. I t  is 
believed that  the Zook surface soil probably remained saturated w i th  water, 
because of  high clay content in the B horizon, which prevented rapid drainage. 
While this allowed NH4-N t o  diffuse rapidly in the free soil water, lack o f  oxygen 
probably prevented as rapid nitrification as in the Cass soil. Calculated half-lives 
averaged 4 8  days for the Zook, compared t o  1 8  days for the Cass soil. However, 
there was no evidence that increased A A  concentration in the band area affected 
nitrif ication or disappearance of  NH4-N. 

Hord and Sharpsburg Soils (1992) 

Since much of  the NH4-N seemed t o  disappear f rom the injection area by 75  
days in 1991, the soil sampling period was reduced in 1992  t o  12, 19, 2 7  and 4 3  
days after N application. Figure 5 shows that  the peak concentration was higher in 
the  Sharpsburg than the Hord soil probably because the band width  was greater at 
h igh concentrations in  the Hord soil. However, NH4-N disappeared faster from the 
Sharpsburg soil, especially at high A A  concentrations (Fig. 6 and Table 4). 

Contrary t o  the findings in 1991, there was a significant effect o f  increasing 
concentration in delaying apparent nitrification in both soils in 1992  (Table 4). 
While NH4-N half-life varied in the t w o  soils, half-life was increased (on average 
across soils) f rom 1 4  days when applied in a 38 c m  spacing t o  66 days in a 152  
c m  spacing. Half-life was especially greater on the Hord (88  days) compared to  
the Sharpsburg (45 days) at the high application concentration (149  kg  ha-' knife 
or 2 2 4  k g  N ha-' applied in 1 5 2  c m  spacing). 

Results indicate that  increasing knife spacing t o  every other r o w  (152  cm) 
could potentially increase NH4-N persistence to provide an NH4-N presence 
throughout the growing season. A half-life o f  66 days would indicate 2 5 %  of the 
applied N would be present in  the ammonium form 1 3 2  days after application. 
This would provide at least equal i f  not  better ability t o  delay nitrification compared 
t o  presently used nitrification inhibitors, which have reported half-lives from 20  t o  
3 0  days. 

Residual Soil N Distribution (after harvest) 

I f  fertilizer N could be maintained for a longer period o f  t ime in the NH,-N 
form, leaching and denitrification losses should be theoretically reduced. 
Therefore, more carryover N should be maintained in the surface layers of the soil 
where it is generally more available than deeper in the soil profile. However, soil 
samples taken to  a depth o f  1 5 0  c m  in the Cass and Zook soils indicated that AA 



spacing had no effect on  residual NO3-N or NH4-N in  1991 (Fig. 7). A wet  fall 
prevented taking soil samples in 1992. 

Table 1. Analysis of variance on  estimated model parameters(A and 
B) for the NH4-N distributions in Cass and Zook soil (1 991 and 
Hord and Sharpsburg soil (1 992). t 

Source of 1991 1992 
Variation d f A B d f A B 

------------------------------ Pr > F 

Soil (S) 1 .001 .03 1 .02 .49 
Conc. (C)S 3 -46 .33 3 .04 - 6 8  
Time (T) 2 .43 .62 3 .I4 .32 
C x S 3 .001 .08 3 .02 .01 
S x T  2 .001 .I7 3 .002 .12 
C x T  6 .47 .49 9 .32 .56 
S x C x T  6 .001 .01 9 .01 .30 

t A and B are model parameters related t o  the height (A)  and spread 
(B) of the NH4-N and NO3-N distributions as calculated f rom the 
normal curve model (Soil N distributions are shown in  Fig. 3 and 5). 

% Conc. (C) = Applied NH, concentration 

Table 2. Rate equivalent N concentrations as a function o f  knife 
spacing. 

Knife s ~ a c i n a  (cms) 
N Rate 38 76 152 
kg  N ha-' kg N ha-' knife-' 



Table 3. Means for estimated model parameters (A and B) as influenced by soil, concentration and time after N app1ication.t 
Nebraska 1991-92. 

1991 
Zook sic1 Cass fsl 

Time$ AA Concentration ka ha-' knife-' 
37 75 149 37 75 149 

A B A B A B A R A B A B 

1992 
Shamsbur~ - sic1 Hord sil 

I. A and B are model parameters related to the height (A) and spread (B) of the NH,-N and NO,-N distributions as calculated from the normal 
curve model (Soil N distributions are shown in Fig. 3 and 5).  

$ days after N application 



Table 4. Analysis o f  covariance on NH,-N Index data across soils t o  
test for the equality o f  regression coefficients (Slope) on  the 
linearized first order equation. t 

Source of Variation d f 1991  1992  
--------------- Pr > F --------------- 

Intercepts 
Soil ( S ) t  1 .47 .33 
Concentration (C) 3 - 4 1  .05 
S x C  3 .69 .02 

Average Slope (Time) 1 .01 .O1 

S 
C 
s x c  

t Cass and Zook soils (1991)  and Hord and Sharpsburg soils (1992).  
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Fig. 1.  Band sampling scheme illustrated on the template with 
13 sampling locations 2.5 cm apart along the top axis. 

Fig. 2. Sampling for residual soil-N in the fall according to band spacing. 
The shaded area represents the AA band for the respective KS. 
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Fig. 3. Soil-N dislribulion in a Cass fsl and Zook sic1 as affected 

by applied N concentration and different intervals from the 

lime of N application. Nebraska 1991. 
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Fig. 4. The rate of change in the NH4-N index with time 
after N applicatioon in a Zook sic1 and Cass fsl soils 
averaged over concentration. Nebraska 1991. 
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Fig. 5. Soil-N distribution in a Hord sil and Sharpsburg sic1 as affected 

by applied N concentration and different intervals from the 

time of N application. Nebraska 1992. 
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Fig. 6. The effect of concentration on NH4-N index as a function 

of time after N application in a Sharpsburg sic1 and Hord sil soils. 
Nebraska 1992. 
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Fig. 7 Residual NHq-N and N03-N as affected by anhydrous 
ammonia application spacing and NH4N03 in Cass and 
Zook soils. Nebraska 1991. 



PROCEEDINGS OF THE TWENTY-THIRD 

NORTH CENTRAL EXTENSION - INDUSTRY 

SOIL FERTILITY CONFERENCE 

October 27-28, 1993, Holiday Inn St. Louis Airport 

Bridgeton, Missouri 

Volume 9 

Program Chairman and Editor: 

Dr. Lloyd Murdock 
University of Kentucky 

Research and Education Center 
P.O. Box 469 

Princeton, KY 42445 


