
Immobilization and Uptake of 
Ammonium and Nitrate Nitrogen 

in Starter Fertilizer 
By D.D. Francis, J.W. Doran and R.D. Lohry 

Studies using starter fertilizers tagged with 15NH4N03 or NH4

15N03 indicated that nitrate 
nitrogen (N03-N) in the starter was leached from corn seedling root zone before it could 
be fully utilized. The presence of dicyandiamide (DCD) in a fluid starter maintained more 
nitrogen (N) in the NH4 form, resulting in greater crop N uptake and more microbial 
immobilization of fertilizer N. 

CORN P R O D U C E R S often supple
ment their regular fertilizer program by 
using a starter fertilizer placed near the 
seed at planting. The intent is to make 
plants more vigorous during cool spring 
weather by stimulating early root and 
shoot growth. Higher N concentration 
starters are typically produced by adding 
urea ammonium nitrate (UAN) solution to 
mixed grade fluid fertilizers. Identifying 
the fate of ammonium (NH 4) and nitrate 
(N0 3 ) in high N starters would aid in 
determining what formulation is best. 

The question of which form of N . . . 
N H 4 or N 0 3 . . . to supply to plants at 
specific growth stages is an interesting 
one. Each form has characteristic advan
tages and disadvantages. A theoretical 
advantage of NH 4 -N is that energy would 
not have to be expended in reducing N0 3 -
N to the amide form for assimilation in 
the developing plant. It has also been 
determined that NH 4 -N is more likely to 
enhance the uptake of phosphorus (P) in 
young plants. Disadvantages of NH 4 -N in 
starters include higher susceptibility to 
immobilization by soil microorganisms, 
greater potential for soil acidification and 
the potential for chemical and/or clay fix
ation in some soils. 

In moist, well-drained soils, N H 4 is usu
ally nitrified rapidly to N0 3 . Nitrate is car
ried readily to plant roots by mass flow, 

but under wet conditions is subject to loss 
by leaching and denitrification. 

Cultural practices affect N availability, 
crop use and the fate of unabsorbed N. 
High concentrations of crop residue in 
surface soil wi l l likely increase the por
tion of starter N immobilized by soil 
microorganisms. 

Nebraska Research 
A study was designed to compare plant 

uptake and microbial immobilization of 
NH 4 -N and N0 3 -N in starter fertilizer for 
continuous corn. Studies were conducted 
on a Janude sandy loam and a Hord silt 
loam. Both are deep, well drained soils 
with moderately rapid permeability and 
good water holding capacity. 

Single tagged 1 5 NH 4 N0 3 or NH 4

1 5 N0 3 

was added to formulated starter fertilizers 
to trace the N applied in the starter. The 
starter contained N, P 20 5, K 2 0, sulfur (S) 
and zinc (Zn) with a composition of 
12-12-3-2.5-0.4 the f i r s t year and 
14-14-3-2-0.6 the second year. The starter 
supplied 20 lb N/A. Because of leaching 
losses and low plant 1 5 N recovery the first 
year, the nitrification inhibitor DCD was 
included in the starter the second year. In 
this case, 4 percent of starter-NH4-N was 
DCD-N. Tagged starter was diluted with 
water (2:1) to aid in uniform delivery and 
was injected with a calibrated hand 
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syringe at a depth of 3 inches, at 3-inch 
intervals, immediately after planting and 
2 inches from the row on the center two 
rows of each plot. 

Plant and soil samples were collected at 
the V3 and V8 growth stages (about 4 and 
7 weeks after planting). Soil was sampled 
at depth increments of 0-2, 2-5 and 5-12 
inches to give samples from above, in and 
below the zone of injection. 

Nitrogen Movement 
Plant samples collected at the V3 

growth stage the first year indicated a 
much higher apparent plant utilization of 
starter NH 4 than N 0 3 (Table 1). One pos
sible explanation is preferential uptake, 
but this probably was not the main cause 
in this case. Spring rainfall had been 
below normal and, to insure uniform ger
mination and a good stand, the cooperator 
applied approximately 2 inches of irriga
tion water through a sprinkler system 
about five days after planting. Approx
imately four days later the plots received 
an additional 1.2 inches of rain. Irrigation 
and rainfal l totaled nearly 5 inches 
between planting and first sampling. 

Soil analysis indicated that this mois
ture apparently had moved most of the 
1 5 N0 3 out of the top 12 inches of soil by the 
first sampling date (Table 2). Only 1 per
cent of the starter N applied as N 0 3 was 
found as KCl-extractable inorganic N 
above the 5-inch depth the first year, com
pared to approximately 20 percent for 
1 5 NH 4 at the V3 growth stage. The plots 
were located on a well drained sandy loam 
soil, which would suggest a low potential 

for denitrification. In addition, isotope 
enrichment at the 5- to 12-inch depth 
showed that 1 5 NH 4 had also moved down
ward. Isotope analysis indicated that prac
tically all of the fertilizer 1 5 NH 4 had either 
been nitrified or immobilized by the first 
sampling date, and most likely moved 
downward as 1 5 N0 3 . 

Increased plant utilization of 1 5 N by the 
V8 growth stage the first year suggested 
that the roots were beginning to intercept 
the leached 1 5 N (Table 1). Similar utiliza
tion of 1 5 N, whether applied as N 0 3 or 
NH 4 , between the V3 and V8 growth 
stages would be expected i f both sources 
were mainly in the same form (N0 3 ) with 
similar positional availability in the 
expanding root zone. This indicated that N 
applied as N 0 3 did not leach much further 
than that originally applied as NH 4 . 

Nitrogen Immobilization 
The maximum amount of fertilizer 1 5 N 

in the microbial biomass can be estimated 
by subtracting the fertilizer-derived 1 5 N in 
the soil inorganic N pool from the total 
fertilizer-derived 1 5 N in the soil. Biomass 
1 5 N would not exceed this difference value 
because any 1 5 N fixed by soil clays also 
would be included in the difference 
between total soil 1 5 N and inorganic 1 5 N. 
First year data indicated greater microbial 
immobilization of NH 4 -N despite rapid 
nitrification (Table 3). 

Nitrification Inhibitor Effects 

Because much of the 1 5 N was leached 
below the root zone of the V3 plants the 
first year, the second year of the study 

Table 1. Percent utilization (standard deviation in parenthesis) by corn of 1 5 N applied in a starter 
fertilizer. 

Yearl Year 2 

Growth 
stage 

1 5 N 0 3 

1 5 NH 4 

1 5 N 0 3

 1 5 N 0 3 

(+ DCD)1 

— % Utilization of 1 5 N 2 — 

1 5 NH 4 

1 5 NH 4 

(+ DCD) 

V3 1.0 11.1 2.9 4.4 8.4 16.3 
(0.7) (2.4) (1-9) (2.0) (2.2) (1.8) 

V8 10.1 20.6 51.5 49.7 61.2 62.6 
(4.7) (7.2) (6.9) (8.6) (5.2) (1.8) 

1DCD = Dicyandiamide 
2Percent utilization of 1 5N = percent of fertilizer 1 5N recovered in entire above-ground material. 
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Table 2. Percent of starter fertilizer 1 5 N (standard deviation in 
parenthesis) recovered in the top 12 inches of soil at the 
V3 sampling date. 

Year Treatment 

Soil depth 
increment, 
inches 

Total 
15N 

Year! 

Year 2 

1 5 N 0 3 0-2 
2-5 
5-12 

1.0 (0.1) 
1.6(1.1) 

12.8 (1.4) 

0.3 (0.3) 
0.8 (0.7) 

11.4 (1.4) 
1 5 NH 4 0-2 

2-5 
5-12 

8.0 (3.5) 
26.6 (9.9) 
27.7 (6.0) 

3.0 (2.0) 
16.6 (10.5) 
24.9 (4.8) 

1 5 N 0 3 0-2 
2-5 
5-12 

1.2 (0.4) 
2.6 (2.4) 
9.2 (4.9) 

0.4 (0.3) 
1.9 (1.6) 
7.7 (4.5) 

1 5 NH 4 0-2 
2-5 
5-12 

6.5 (3.3) 
12.4 (4.5) 
17.3 (2.9) 

3.7 (2.6) 
10.3 (5.7) 
15.7 (3.3) 

"NO, 
+ DCD 

0-2 
2-5 
5-12 

1.8 (0.5) 
2.7 (1.1) 

11.4 (2.8) 

0.5 (0.3) 
1.6 (1.0) 
9.9 (2.8) 

1 5 NH 4 

+ DCD 
0-2 
2-5 
5-12 

23.2 (9.9) 
32.3 (8.3) 
13.7 (4.1) 

9.8 (2.0) 
13.4 (2.1) 
12.8 (3.7) 

than half of the 1 5 N H 4 

without DCD could not 
be accounted for in the 

Soil N fraction above-ground corn tis-
KCI extractable 1 5 N sue or in soil to 12 inches 

nsio^N n m T b y t h i s d a t e > n ^ a r l y * 5 

o/o percent was still avail
able in the 1 5 N0 3 form in 
the top 5 inches. With 

0 (0.0) 1 5NH 4+DCD, the highest 
proportion of 1 5 N was 
s t i l l available to the 
plants, with nearly one-
half the applied amount 
in inorganic forms in the 
top 12 inches of soil four 
weeks after planting. 

0.0 (0.0) 
0.0 (0.0 

0.0 
0.4 
0.1) 

0.0 
0.0 

0.0 
0.4 
0.1 

0.0 
0.0 
0.0 (0.0) 

0.0 (0.0) 
0.1 (0.1 
0.0 (0.0 

0.0 (0.0) 
0.2 (0.1 
0.1 (0.1 

2.8 (2.0 
8.4 2.2 

0.1) 

included the nitrification inhibitor, DCD, 
with both 1 5 N H 4 and 1 5 N 0 3 treatments. 
DCD is an effective nitrification inhibitor 
for approximately 6 to 10 weeks. It is 
thought to interfere with the respiration of 
Nitrosomonas genus of bacte
r i a , wh ich are p r i m a r i l y 
responsible for the first step in 
nitrification. 

At the V3 growth stage in the 
second year, utilization of fer
tilizer 1 5 NH 4 by corn was more 
than twice that of 1 5 N0 3 (Table 
1). The addit ion of DCD 
approximately doubled the uti
lization of fertilizer 1 5 N H 4 at 
this growth stage. Without con
sidering other information, 
plant N uptake data would sug
gest preferential uptake. How
ever, excess moisture (4 inches 
of rainfall before emergence 
and over 7 inches before sam
pling) removed over 95 percent 
of the 1 5 N0 3 out of the top 5 
inches of soil by the V3 growth 
stage (Table 2). Although more 

Large increases in 
crop utilization of 1 5 N at 
the V8 growth stage for 
all treatments in year 2 
indicate (again) that 
much of the starter N 
that had leached out of 
the upper 12 inches of 
soil was within the crop 

root zone by the V8 stage. Although crop 
utilization of 1 5 N at V8 was much higher in 
year 2 than year 1, similar increases 
occurred both years between the V3 and 
V8 growth stages, whether the 1 5 N was 

Table 3. Estimated fertilizer 1 5 N (standard deviation in 
parenthesis) recovered in soil biomass at the V3 
sampling date. 

Method of estimation 

Year Treatment 
Soil depth 

increment, in. 
Difference1 Incubation2 

y_ Year Treatment 
Soil depth 

increment, in. 
/o 

Yearl 15N03 0-2 
2-5 

0.7 (0.3) 
0.8 (0.5) 

0.3 (0.1) 
0.7 (0.5) 

1 5 NH 4 0-2 
2-5 

5.0 (1.5) 
9.6 (3.0) 

3.3 (2.3) 
7.7 (4.0) 

Year 2 1 5 N 0 3 0-2 
2-5 

0.8 (0.2) 
0.9 (0.6) 

0.5 (0.2) 
0.6 (0.3) 

1 5 NH 4 0-2 
2-5 

2.7 (0.8) 
2.0(1.5) 

3.0(1.4) 
1.8 (0.6) 

1 5 N0, 
+ DCD 

0-2 
2-5 

1.2 (0.3) 
1.1 (0.4) 

1.1 (0.2) 
1.4 (0.6) 

1 5 NH 4 

+ DCD 
0-2 
2-5 

10.6 (6.0) 
13.3 (3.6) 

9.3 (4.3) 
14.8 (6.2) 

difference + Total percent fertilizer 1 5 N found in soil less percent 
fertilizer 1 5N found in KCl extractable inorganic pool. 

2Derived using the Shen et al. method for determining biomass N. 
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applied as N 0 3 or NH 4 . This would be 
expected i f the 1 5 N was mainly in the same 
form (N0 3 ) with similar positional avail
ability between V3 and V8. 

In addition to increasing plant uptake, 
DCD also enabled more fertilizer 1 5 N to be 
taken up by the microbial biomass (Table 
3), probably by maintaining fertilizer N in 
the NH 4 form. 

Conclusions 
Efficient use of starter fertilizer N by 

young plants is dependent upon keeping 
the N positionally available. Nitrate-N in 
starter fertilizer can be readily leached out 
of the rooting zone of permeable soils 
before it can be utilized by young plants, 
although it may be recovered later by 

older plants. Application of starter N as 
N H 4 without a nitrification inhibitor only 
slightly improved plant N uptake. For the 
soils used in this study, nitrification of 
N H 4 followed by leaching was a greater 
barrier than microbial immobilization to 
the efficient use of starter NH 4 . 

DCD significantly increased crop util i
zation and microbial immobilization of 
starter NH 4 . This is probably related to 
DCD maintaining more starter fertilizer 
N in the NH 4 form and maintaining posi
tional availability. Under moderate leach
ing conditions, it may be advantageous to 
add a nitrification inhibitor to starters to 
ensure that fertilizer N remains posi
tionally available to young corn plants. • 

ASA, CSSA, SSSA Publish 
Soil Specific Crop Management-A Workshop 

In Research And Development Issues 
HISTORIC agronomic practices have 

been developed with the farm or field as 
the area of management. The advent of 
soil conservation began to focus soil man
agement on topographic and soil specific 
features. Even so, agronomic practices 
and recommendations have largely been 
made on a field basis rather than on soil 
specific properties that might influence 
tillage, seeding, fertilizing and weed con
trol practices. The near completion of 
detailed soil surveys nationwide, partic
ularly in the intensive agricultural areas, 
has provided a database of great magni
tude. The advent of computer processed 
spatial data together with geostatistical 
analysis enables the display of those soil, 
hydrologic and micro-climate features rel
evant to agronomic practices. With the 
further development of positioning sys
tems suitable to on-site application, the 
capability now exists, or can be feasibly 
developed, to deliver real-time, real-space 
changes in almost any agronomic 
procedures. 

This Soil Specific Crop Management 
workshop consisted of invited papers on 
the topics of soil resources variability, 
managing variability, engineering tech
nology, profitability, environment and 
technology transfer. They were followed 
by several invited presentations detailing 
current research and development in each 
of the six areas. 

Soil Specific Crop Management-A 
Workshop in Research and Development 
Issues. EC. Robert, R.H. Rust, and WE. 
Larson, editors. Published by the Ameri
can Society of Agronomy, Crop Science 
Society of America, and Soil Science 
Society of America. Softcover, 406 pages, 
1993. ISBN 0-89118-116-4. Price: $20.00. 

A l l payments must be in U.S. funds drawn on 
a US. bank or add $20 U.S. to the total amount 
due. Advance payment and 10 percent per book 
for postage are required on all orders outside 
the United States. Wisconsin residents add 
appropriate sales tax. Send your order to: ASA, 
CSSA, SSSA Headquarters Office; Attn: Book 
Order Department; 677 South Segoe Road; 
Madison, W I 53711-1086 USA. • 
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