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BEHAVIOR AND MANAGEMENT OF NITROGEN
IN AGRICULTURAL SOILS

Profitable crop production largely depends on adequate amounts of available nitrogen.  In
continuous corn, for example, the dollar return per one dollar invested in nitrogen fertilizer
can be as high as eight to one (92).  However, as beneficial and profitable as nitrogen
fertilizer is to crop production, continued inputs of nitrogen fertilizers have increasingly been
a concern regarding occurrence of nitrates in ground and surface waters.  Consequently,
both crop production economics and environmental concerns necessarily demand increas-
ing the judicious and efficient use of nitrogen fertilizers.  The relationship between behavior
of nitrogen in soils and nitrogen management techniques must be integrated in order to
effectively benefit crop production and the environment.

fig. 1.         The N Cycle in Soil

I.   BEHAVIOR OF NITROGEN IN AGRICULTURAL SOILS

A. The Nitrogen Cycle

The overall cycle of nitrogen in nature is shown in Fig. 1 (86).  The nitrogen cycle in
the soil is just one part of the overall interaction of nitrogen in the ecosystem.
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Obviously, the behavior of nitrogen is governed by a complex variety of biochemical
and chemical reactions, as well as physical and geophysical influences.  Changes
in both the industrial and agricultural areas, brought about by man, have influenced
the nature of the overall nitrogen cycle, and especially the internal cycle within the
soil.

1. Pathways by which nitrogen is added to the soil in nature

a.) Atmospheric precipitation: N provided from precipitation consists of ammo-
nium (NH4

+), nitrite (NO2
-), nitrate (NO3

-), and organically bound nitrogen (derived
from wind-blown land sources) (86).

The total amount of nitrogen obtained from atmospheric precipitation is too small
and unpredictable to be of value in crop production (83), estimated to range
between 5 and 11 pounds per acre annually (83, 86).

b.) Biological nitrogen fixation:  Certain types of soil bacteria and blue-green
algae have the ability to fix (i.e., convert) molecular nitrogen gas from the
atmosphere for use by higher plants.  These organisms can be categorized into
two groups: i.) symbiotic fixers (those that fix nitrogen in association with higher
plants, i.e. genus Rhizobium and soybeans), and ii.) nonsymbiotic fixers (those
that fix nitrogen without need of a specific host, i.e., blue-green algae).  Table 1
lists these groups of organisms/hosts capable of fixing molecular atmospheric
nitrogen (86).

Table     1.

Estimated Average Rates of Biological N Fixation for Specific
Organisms and Associations (from Evans & Barber, 1977)

Organism or system N, fixed, lbs/A per year
Free-living microorganisms

Blue-green algae 22
Azotobacter 0.27
Clostridium pasteurianum 0.09 - 0.04

Plant-algal associations
Gunnera 11 - 19
Azollas 279
Lichens 35 - 75

Legumes
Soybeans (Glycine max L. Merr.) 51 - 84
Cowpeas (Vigna, Lespedeza, Phaseolus, and others 75
Clover (Trifolium hybridum L.) 93 - 143
Lupines (Lupinus sp.) 134 - 151

Nodulated nonlegumes
Alnus 36 - 267
Hippophae 1.8 - 159
Ceanothus 53
Coriaria 134
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As data in Table 1 indicate, legumes can contribute considerable amounts of
nitrogen to the soil, owing to legumes importance in benefiting other crops in a
rotation sequence as well as the soil condition.  Table 2 shows our interpretation
of legume optimum nitrogen contributions to the soil nitrogen cycle.

Table    2.

Previous Crop N Adjustment
Fallow 30 lbs.
Alfalfa 40-60 lbs.
Clover 30 lbs.
Soybeans > 40 bu. 20-30 lbs.

Actual amounts of nitrogen that can be credited from legumes depends on age
and viability of stand and/or yields, the succeeding year’s climatic inputs (i.e.,
distribution and amount of rainfall and/or irrigation), and soil condition in the
succeeding year (i.e., degree of compaction, soil pH, and texture classification).
Assigning exact nitrogen credits from legumes can be a dilemma in final
formulation of a nitrogen recommendation unless accurate information regarding
viability of the stand or yield is provided. There is a general assumption that
soybean contributes nitrogen to subsequent crops, giving rise to soybean
nitrogen credits from 10 to 60 pounds of nitrogen per acre, depending on
individual laboratory or university interpretations (86).  However, some studies
have also reported that although less nitrogen was required for optimal growth
of corn following soybean compared to corn following corn, soybean in fact
removed more nitrogen than it fixed, leaving a new nitrogen deficit of up to 71
pounds of nitrogen per acre (90 ).  Corn following soybean often shows responses
to applied nitrogen.  A twelve-year study from Minnesota demonstrated that corn
showed a favorable yield response to nitrogen rates up to 160 pounds of nitrogen
per acre following soybeans (average soybean yields were 54 bushels per acre)
(fig. 2).

fig. 2. Influence of Nitrogen on Corn Yields for Corn
Grown After Soybeans and for Continuous Corn (12-Yr. Avg.) 1/

1/Minnesota.  Nitrogen Management For Corn.  Fluid Fertilizer Foundation. 1992
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The fact that soybeans benefit subsequent crops in a rotation sequence is
undebatable.  However, other factors involved other than an actual nitrogen
carryover can contribute to an increase in succeeding crop yields where
soybeans are in a regular rotation sequence: a) decrease in soil-borne disease
organisms, b) decreased allelopathy), c) beneficial soil condition effects (i.e.,
more friable surface soil, lower surface residue tying up nitrogen early in the
growing season, and warmer surface soil temperatures sooner at the onset of
planting), and d) herbicide and pesticide rotation.

c.) Soil organic matter nitrogen: Bacterial decomposition of organic nitrogen
forms in the soil is referred to as ammonification, which supplies ammonium-N
for plant uptake.  Nitrification converts ammonium-N to nitrate-N (to be discussed
in detail under Soil Nitrogen Conversions: Soil Nitrogen Loss Pathways).
Together, ammonification and nitrification are termed mineralization of nitrogen.

The mineralization process can be estimated (i.e., ENR: estimated nitrogen
release), based on soil organic matter content and modified by soil texture (i.e.,
percent sand, silt, and clay) and growth zone location (i.e., hardiness zones).
Table 4 lists our interpretation of ENR based on organic matter content and soil
texture.

Table    3.

Organic Matter Percent and Estimated Nitrogen Release
Pounds Per Acre Nitrogen

% Organic
Matter Clay Loam Silt Loam Sandy Loam
0.0 - 0.3 VL 0 - 30 VL 0 - 45 VL 0 - 55
0.4 - 0.7 VL 31 - 40 VL 46 - 55 L 56 - 65
0.8 - 1.2 VL 41 - 50 L 56 - 65 L 66 - 75
1.3 - 1.7 L 51 - 60 L 66 - 75 M 76 - 85
1.8 - 2.2 L 61 - 70 M 76 - 85 M 86 - 95

2.3 - 2.7 M 71 - 80 M 86 - 95 H 96 - 105
2.8 - 3.2 M 81 - 90 M 96 - 105 H 106 - 115
3.3 - 3.7 M 91 - 100 H 106 - 115 VH 116 - 125
3.8 - 4.2 H 101 - 110 H 116 - 125 VH 126 - 135
4.3 - 4.7 H 111 - 120 VH 126 - 135 VH 136 - 145

4.8 - 5.2 H 121 - 130 VH 136 - 145 VH 146 - 155
5.3 - 5.7 VH 131 - 140 VH 146 - 155 VH 156 - 165
5.8 - 6.2 VH 141 - 150 VH 156 - 165 VH 166 - 175
6.3 - 6.7 VH 151 - 160 VH 166 - 175 VH 176 - 185
6.8 - 7.2 VH 161 - 170 VH 176 - 185 VH 186 - 195

7.3 - 7.7 VH 171 - 180 VH 186 - 195 VH 196 - 205
7.8 - 8.2 VH 181 - 190 VH 196 - 205 VH 206 - 215
8.3 - 8.7 VH 191 - 200 VH 206 - 215 VH 216 - 225
8.8 - 9.2 VH 201 - 210 VH 216 - 225 VH 226 - 235
9.3 - 9.8 VH 211 - 220 VH 226 - 235 VH 236 - 245

9.9+ VH 221+ 236+ 246+

*     The estimated lbs/acre of nitrogen released through decomposition of organic matter is dependent upon climatic conditions, soil pH,
type of material undergoing decomposition, and other factors.  Therefore, the amounts mentioned in this table are strictly estimates.

VL = Very Low M = Medium VH = Very High
L = Low H = High
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ENR estimates nitrogen release only in part, as a certain amount of the ENR
figure contains residual NO3-N also.  When a NO3-N test is run, the ENR credit
to the final N recommendation is modified accordingly.

Figure 3 illustrates relative distribution of hardiness zones by which ENR is
modified.  Generally, those areas receiving less heat unit accumulation during the
growing season will have lower rates of nitrogen mineralization.



6

fig.    3. Hardiness Zone Map
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Table    4.

Estimated Nitrogen Release by Various Crops and Manure
(during decomposition)

SOURCE: CREDIT IN LBS/ACRE*:
1st year 2nd year

Green alfalfa or clover + 30 lbs N/Ton + 10 lbsN/ton
  (plowed down)
Mature alfalfa, hay, mulch + or - 10 lbs N/Ton
Grass cover - 20 lbs N/Ton
50% Grass, 50% Legume 0 lbs N/Ton
Corn stover - 20 lbs N/Ton
Soybean stubble + 0.6 lb N/bu soybeans harvested
Straw mulch - 10 to 20 lbs N/Ton

Conservation Tillage
Where more than 50% crop residue
remains on the surface following
tillage operation - 30 lbs N/acre for the first

two years of conservation tillage

Manure
regular + 3 or 4 lbs N/Ton
liquid + 2 to 3 lbs N/Ton
if manure is analyzed 30 to 40% of total N during the 1st year

*  data are expressed on a dry basis.

Nitrogen release figures mentioned in the above table are averages, as climatic
conditions, quality of previous crop, variety grown, and other factors have to be
taken into consideration.

During periods of minimum rainfall (no leaching and low crop production), much
of the applied nitrogen plus as much as 50% of the amount of nitrogen from
normal nitrification may be carried over to the next growing season.  However,
under conditions of high rainfall and severe leaching, no nitrogen carryover can
be expected and losses of applied nitrogen can occur.  Analytical determination
of the residual nitrogen is advisable under the above-mentioned conditions.

d.) Nitrogen sources from manures: The nitrogen content of various animal
manures has appreciable agronomic value that has been evaluated for quite
some time.  There are primarily three types of manure used agronomically.  They
are: solid, pit or slurry, and lagoon runoff.  These vary in the percent moisture,
composition, and use or application.

FEEDLOT manures or solids contain less than 70% moisture, or anything that
can’t be pumped.  These can be a good source of nutrients and are generally easy
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to spread if the material is friable and has been allowed to decay somewhat.
Weeds may be a concern but can be minimized with proper management.  If
feedlot manure is composted, nutrient levels per ton can be increased by a factor
of 5 to 7.

PIT samples are primarily from confinement houses.  These have a moisture
content up to 95%.  They may be applied to the surface or injected directly into
the soil.  There is less nitrogen loss when the manure is injected.  Also, due to the
nature of the sample, there may be as low as 25% loss of N while in storage.

LAGOON or open pit samples may lose the greatest amount of nitrogen due to
the long term storage.  These contain over 95% moisture.  Liquid manure can be
applied through irrigation systems.  However, they should be diluted with a good
quality water due to the concentration of soluble salts in a sample of this type.

Table    5.

Average Composition of Manures From Various Sources

SOURCE % MOISTURE NITROGEN PHOSPHATE POTASH
Cattle  % lb/T * % lb/T * % lb/T *

  Beef/Steer 74 0.70 14 63 0.55 11 50 0.7 14 65
  Dairy 79 0.56 11 50 0.23 5 21 0.60 12 54

          fresh/bedding 80 0.50 10 45 0.30 6 27 0.55 11 50
    liquid 92 0.25 5 23 0.10 2 9 0.24 5 22

Swine
  fresh 75 0.50 10 45 0.32 6 29 0.46 9 41
  liquid 97 0.09 2 8 0.06 1 5 0.08 2 7

Horse
  fresh 65 0.69 14 62 0.24 5 22 0.72 14 65

Sheep
  fresh 65 1.40 28 126 0.48 10 43 1.20 24 108

Poultry
  fresh 75 1.50 30 135 1.00 20 90 0.50 10 45
  liquid 98 0.50 10 45 0.35 7 32 0.15 3 14
  dry 7 4.50 90 405 3.50 70 315 2.00 40 180

*   lbs/1000 gallons.  It is assumed that 1 gallon manure weighs 9 lbs.

ref.  Mich. State Univ.; Penn. State Univ.; Kansas State Univ.
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The quantity, composition, and value of manure produced, vary according to
species, weight, kind and amount of  feed, and kind and amount of bedding.
About 75% of the nitrogen, 80% of the phosphorus, and 85% of the potassium
contained in animal feeds are returned as manure.  Manure from well-fed animals
is higher in nutrients and worth more than that of poorly fed ones.  Also, it is
noteworthy that the nutrients in liquid manure are more readily available to plants
than the nutrients in the solid excrement.  Manure containing less moisture has
a correspondingly higher nutrient concentration.

Many of the above values are affected by diet and water composition and by class
of livestock.  While these values can serve as a guide for planning, it should not
be considered as a substitute for an actual analysis.

Table    6.

Manure Nitrogen Availability Factors For Various Storage, Treatment,
Application, and Incorporation Methods*

N Availability Factor **
Category Treatment Method Species 1st yr. 2nd yr. 3rd yr.

1 Fresh manure; incorporated CATTLE 0.60 0.13 0.08
same day POULTRY 0.80 0.06 0.02

SWINE 0.70 0.10 0.04

2 Fresh manure; incorporated CATTLE 0.50 0.13 0.08
1-4 days POULTRY 0.70 0.06 0.02
Fresh manure; flushed; SWINE 0.60 0.10 0.04
liquid spread
Liquid-holding tank;
injection

3 Fresh manure; incorporated CATTLE 0.42 0.13 0.08
5 or more days later POULTRY 0.60 0.06 0.02

SWINE 0.50 0.10 0.04

4 Fresh manure; flush; solids CATTLE 0.46 0.10 0.06
separation; liquid spread POULTRY 0.63 0.05 0.02
Liquid-holding tank; SWINE 0.55 0.08 0.04
incorporated 1-4 days
Solid manure stack;
incorporated same day

5 Liquid-holding tank; CATTLE 0.37 0.10 0.06
incorporated 5 or more days POULTRY 0.54 0.04 0.01
Solid manure stack; SWINE 0.46 0.08 0.03
incorporated 1-4 days

6 Solid manure stack CATTLE 0.27 0.11 0.06
incorporate 5 or more days POULTRY 0.44 0.04 0.01
Earth-holding pond; SWINE 0.36 0.08 0.03
liquid spread
Deep litter, poultry

7 Open-lot storage CATTLE 0.18 0.11 0.06
solid spread POULTRY 0.34 0.04 0.01

SWINE 0.26 0.08 0.03

* ref.  “Using animal manure as fertilizer,” Clemson Univ.-Circular 578

** Multiply nitrogen content of manure by N avail. factor to obtain approximate available nitrogen.
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e.) Nitrogen sources from agricultural, industrial and municipal wastes:   Devel-
oping useful agricultural benefits from a variety of sludges and effluents has seen
a steady increase in recent years.  These waste sludges and effluents are
generated during the treatment of domestic, industrial and agricultural wastes by
physical, chemical and biological treatment processes (85).  Common examples
of these waste products being used agriculturally include by-product lime from
water treatment facilities, sewage sludge applied for multinutrient value, grain
processing effluent yielding nitrogen sulfur by-products or wood processing
waste yielding useful lignin/lignin sulfonate material.

There are likely to be limitations of use associated with application of waste
materials on soils that are not a concern with conventional fertilizer materials.
Waste materials have a wide variety of composition, varying in plant nutrient
concentrations as well as numerous non-nutrient elements (i.e., heavy metals
such as lead, nickel or cadmium; persistent organics such as polychlorinated
biphenyls (PCB's) or chlorinated hydrocarbon pesticides).  Accurate, reliable
chemical analysis of any given waste is essential for determining nutrient value
for crop use, as well as for assessing loading rates of the waste material based
on waste material heavy metal concentration, soil type and soil pH considera-
tions.  Effective waste treatment processes (i.e., pathogen reduction), appropri-
ate application rates (i.e., heavy metals limitations, crop nutrient needs) along
with approved management practices [i.e., soil pH control (maintaining soil pH ž
6.5), application rates matched to soil holding capacity (cation exchange capac-
ity) and application timed to maximize soil retention] will all help insure the
productive use of waste materials as a nutrient source for crop production (85).

Some representative N, P and K compositions for a variety of solid or semisolid
(i.e., sewage sludge, refuse and tankage) and liquid (i.e., municipal wastewater,
whey and agricultural processing) wastes are shown in Table 7  (85).  These data
show that wastes will supply considerably lower concentration of N, P and K than
commercially manufactured fertilizers.  Most of the solid or semisolid wastes
contain less than 5% total nitrogen, with liquid wastes varying from 0.13 to 12.5
lbs. total N per 1000 gallons. Since the N/P/K ratio of many cereal crops is
approximately 4:1:2 compared to the waste ratio of 6:4:1, the majority of wastes
do not supply the balanced, required needs of crops (85).
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Table 7.

Total N, P and K Concentrations in Selected Waste Materials1/

Concentration of
Waste Material N P K

---------------------------%*---------------------------

Solid or Semisolid:
Composited or

Shredded Refuse 0.57-1.30 0.08-0.26 0.27-0.98

Leather Tankage 12.80 0.01 0.36

Waste Food Fiber 2.00 0.01 0.10

Paper Mill/Sludge 0.15-2.33 0.16-0.50 0.44-0.85

Citric Acid
Production Waste 0.51-4.13 0.06-0.29 0.01-0.19

Antibiotic Production
Mycelium Waste 3.29 0.71 0.34

Tomato Processing
Wastes 2.33 0.29 0.28

Municipal Sewage
Sludge <0.1-17.6 <0.1-14.30 0.02-2.64

-------------------lbs/1,000 gal.**-------------------

Liquids:
Municipal Wastewater 0.13-0.31 0.06-0.10 0.12-0.18

Potato Starch Waste 3.50 0.52 4.83

Whey 12.50 4.17 15.16

Antibiotic Production
Broth 7.80 5.75 5.03

Vegetable and Fruit
Processing Wastes 0.16-2.65 0.03-0.76 ---

1/  Hauck, R.D. 1984.  Use of nitrogen from agricultural, industrial, and municipal wastes.  p. 207-220.  In:
R. D. Hauck (ed.) Nitrogen In Crop Production.  American Society of Agronomy, Crop Science Society of
America and Soil Science Society of America, Madison, WI.

*Expressed on a dry-weight basis.
**Expressed on a wet-weight basis (commonly contain suspended solids).
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Obviously, for many solid wastes, soil application to meet nitrogen needs of a
given crop will likely result in excess additions of P and insufficient levels of K (i.e.,
sewage sludge).  A sound program of soil and leaf analysis on a regular basis is,
therefore, an important part of any soil-applied waste management systems.

Nitrogen content of waste materials is highly variable, from source to source, or
even within the same source depending on time of the year the waste is obtained.
Some waste materials may contain inorganic nitrogen [i.e., ammonium-nitrogen
(NH4

+) or nitrate-nitrogen (NO3
-) depending on the waste treatment process

employed], organic nitrogen (i.e., proteins, peptides, or intermediate breakdown
products), or varying concentrations of both.  All the inorganic nitrogen fractions
of waste material have generally been classified as being plant available,
whereas, anywhere from 5 to 75% of the organic nitrogen fractions will be
mineralized within one year after application (85).  Actual crop recovery of the
inorganic and organic nitrogen fractions of soil-applied waste depends on
application method [i.e., broadcast (incorporated vs. unincorporated), injected,
or applied via irrigation water], soil type, soil moisture and soil pH.

The fate of waste-derived nitrogen in soils is similar to conventional fertilizer
materials and wastes, although studies have shown the rate or extent of
ammonia volatilization (pg. 14-16), nitrification (pg. 17), and denitrification (pg.
31-32) for waste-derived nitrogen are altered by the presence of waste-borne
organic matter (i.e., carbon/carbonaceous material), and other components (i.e.,
salts).  Mineralization (pg. 4) and immobilization of soil-applied waste nitrogen
can occur simultaneously, further emphasizing the inconsistencies involved with
assessing a fixed, crop available, nitrogen value to waste-derived nitrogen.  Brief
overviews of each process affecting waste-derived nitrogen follows:

Ammonia (NH3
+) Volatilization:  Much of the waste material is soil-applied as a

liquid or suspension.  The wastewater containing dissolved ammonium-nitrogen
(NH4

+-N) is subject to potential ammonia volatilization if left exposed to the
surface atmosphere (see pg. 14-16).  Studies involved with sewage sludge
indicate up to 50% of the NH4

+-N applied to the soil surface can be lost due to
ammonia volatilization within three days after application (85).  Ammonia
volatilization losses of sewage sludge nitrogen can be greatly reduced (90-
100%) if the sludge is injected or incorporated, if the pH of the sludge is acidic (pH
below 5.5), or if the sludge is of a solid or semisolid consistency (85).

Nitrification and Denitrification:  Nitrification (see pg. 17) of sewage sludge
nitrogen occurs quite readily, although at higher application rates, nitrification of
sewage sludge nitrogen is slowed down (85).  Because substantial amounts of
available carbon also accompany inorganic nitrogen in waste applications,
potential for denitrification (see pg. 31-32) losses of sewage nitrogen is appre-
ciable.  One study has shown that 15-20% of the sewage sludge N was denitrified
during a 22-week time period (85).  Slower nitrification rates in addition to
enhanced denitrification potential, even at less than field moisture saturation
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levels, help explain why nitrogen recovery from waste- derived nitrogen sources
is lower than from commercially available nitrogen fertilizers, with denitrification
losses being the primary reason for the low nitrogen recovery of soil-applied
wastes.

Mineralization and Immobilization:  Mineralization of soil nitrogen has been made
plant available via ammonification + nitrification (see pg. 4).  Immobilization of
nitrogen involves temporary (either long or short lived) tie-up of nitrogen in
various decomposition processes after waste application.

The mineralization of organic nitrogen added to soils as sewage sludge has
primarily been studied in laboratory evaluations, however, nitrogen mineralized
in laboratory incubation studies and that estimated from soil and plant nitrogen
studies obtained from field conditions show good agreement (85).  Mineralization
of sewage sludge nitrogen varies as much as the sewage sludge sources:
composted sludges mineralization ranged from 3 to 9% of the organic nitrogen;
anaerobically digested sludges varied from 2 to 25%; 81 to 93% of organic
nitrogen in microbial residue; mineralized within 32 weeks; and fermentation
wastes can mineralize from 56 to 96% of the organic nitrogen (85).  Generally,
the amount of nitrogen mineralized from sewage sludge decreases with in-
creased degree of treatment or processing within the treatment plant.  Studies
have shown that as sewage sludge rates increase, the mineralization rates
increase, although at the higher sludge rates, the percentage of sludge organic
nitrogen released as inorganic nitrogen (mineralization) tends to decrease (85).
In succeeding years after sludge application, studies have indicated mineraliza-
tion rates tend to follow a decay-like pattern eventually approaching the back-
ground soil mineralization rate of soil organic nitrogen (i.e., 1-4%/yr.) (85).  For
example, an overall estimate of sewage sludge mineralization rates would be 15,
6, 4 and 2% for the first, second, third, and fourth year after application.  Of course,
the initial mineralization rate may vary according to regional influences of soil
temperature and moisture retention potential.

Sludge addition can cause rapid increases in microbial populations, and varying
degrees of nitrogen immobilization may occur.  Sludges treated by a wet-air
oxidation process, or paper mill sludges with a carbon to nitrogen ratio greater
than 20:1 have been demonstrated to favor net immobilization of nitrogen.
Additions of these types of sewage sludges should, therefore, be applied far
enough ahead of an intended crop to allow for microbial populations to lessen and
give ammonification and nitrification (mineralization) processes time to effect a
net release of nitrogen into the soil system.  Generally, fall applications of high
carbon to nitrogen ratio sludges is recommended, additionally any phytotoxic
substances in sewage sludge would be allowed to degrade and not allowed to
negatively influence crop performance.

Despite some of the negative aspects of waste-derived nitrogen just described,
various studies have demonstrated comparable and/or improved crop yields by
substituting wastes for conventional nitrogen fertilizers, but not necessarily at the
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2. Soil Nitrogen conversions:  Soil Nitrogen Loss Pathways

Soil nitrogen conversions and related loss pathways are important in understanding
the relationship between fertilizer nitrogen application and recovery potentials of
fertilizer nitrogen by plants.  Recovery of nitrogen fertilizer varies a great deal,
ranging from 25% to 78% (7, 8, 76), and depends on soil type, rainfall and irrigation
distribution, tillage systems, cropping systems, and rate and timing of nitrogen
fertilizer applications.  Outlining soil nitrogen reactions and modifying factors can
lead to better management of matching nitrogen fertilizer applications to climate, soil
type and crop need.

a.) Ammonia volatilization losses: Under certain conditions, natural soil and
fertilizer sources of ammonium-N can be lost from surface soils to  the atmos-
phere by the process of ammonia volatilization (fig. 4) (65).

same level of total N addition from waste products (85).  These studies cited the
positive influences of the organic nitrogen forms mineralizing to supply crop
nitrogen needs as a significant factor in the crop response to waste-derived
nitrogen.  Crops most intensely studied utilizing sewage sludge additions have
been corn (both grain and silage), sorghum sudan (silage), and hay (evaluated
for carryover effects from sewage sludge application), showing, that for the
sludge used, the application rates should be between 6700 and 13,400 lbs/A (170
to 339 lbs. of N/A).  Other studies involving corn irrigated with municipal
wastewater have shown enhanced nitrogen uptake versus conventional nitrogen
fertilizer, where the nitrogen use efficiency was best at the 161 lbs of N/A rate
derived from sewage sludge (85).

In general, a more sophisticated level of management is needed when using
waste-derived nitrogen compared to conventional fertilizer materials.  Of primary
concern is the cost of applying larger volumes of material associated with waste
material application:  typical waste application rates on soils are from 2.2 to 8.9
tons per acre, while conventional nitrogen fertilizers are nearly always applied at
less than 200 pounds of N/acre (244 to 435 lbs. of nitrogen fertilizer material).
Also, in contrast to conventional nitrogen fertilizers, yield depressions can occur
when excessive rates of some wastes are soil-applied, due to increased levels
of soluble salts, metals (copper, zinc, or nickel), or other micronutrient toxicities
(boron).  However, yield depressions are infrequently encountered if the rate of
waste application is matched to the nitrogen requirement of the crop.

A comprehensive, regular program of a complete soil analysis accompanied by
a representative leaf analysis are essential diagnostic tools insuring the applica-
tion of waste-derived materials are meeting crop needs and identifying potential
hazards and/or nutrient imbalances.

Future use of wastes for crop production will ultimately rest upon state and federal
regulations, especially for wastes containing significant amounts of toxic metals
(i.e., cadmium or lead) or persistent organics (i.e., PCB's).
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fig.    4. Ammonia-Volatilization Loss Pathway

Step 1 involves surface soil and/or unincorporated fertilizer ammonium-N
sources combining with free soil carbonates (derived from calcium, magnesium
or irrigation water sources) to form ammonium carbonate.  If the ammonium
carbonate remains exposed to surface air and adequate moisture, the reaction
proceeds as outlined in Step 2.  Free ammonia is formed in association with
unstable ammonium hydroxide and loss of nitrogen to the atmosphere occurs.

Ammonia volatilization losses from ammonium or ammonium forming fertilizers
can be  high if the fertilizer materials are surface applied during warm air
temperatures (greater than 70½ F) without incorporation on soils with a pH greater
than 6.8. (86).  The order of magnitude (greatest to least) of potential ammonia
volatilization losses are as follows: urea granules > urea solutions; shallowly
incorporated  anhydrous ammonia and/or aqua ammonia > UAN solutions >
diammonium phosphate > monoammonium phosphate > ammonium nitrate;
ammonium sulfate.
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Urea containing fertilizers (urea granules, urea solutions, and urea ammonium
nitrate solutions) are most subject to ammonia volatilization potential, primarily
due to urea hydrolysis occurring at the soil surface, as shown in fig. 5 (65):

fig.    5.  Urea Hydrolysis and Ammonia Volatilization Loss Potential

Volatilization losses due to surface urea hydrolysis range from 20% to 48%    (19,
31, 78).  Urea ammonium nitrate solutions experience the lower rate of loss
compared to urea granules and urea solutions because (a) lower concentration
of urea in the formulation, (b) forms more stable reaction products in the soil, and
(c) contains 40% water as water weight equivalent in the formulation, helping fix
urea in solution form onto soil and organic matter (65).  Ammonia volatilization
losses from urea fertilizers can be greatly reduced by incorporation into the soil
shortly after application.

POTENTIAL VOLATILIZATION LOSS OF N FROM DIFFERENT FERTILIZER MATERIALS1 /

H = OVER 40% LOSS M = 20 TO 40% LOSS L = 5 TO 20% LOSS V = LESS THAN 5%
LOSS

Applied to soil Applied to soil Applied in
surface and not surface and irrigation Banded

incorporated Broadcast watered in water at least
Soil pH Soil pH on soil Soil pH Soil pH Soil pH Soil pH 4 inches

Nitrogen below 7 above 7 and disked below 7 above 7 below 7 above 7 below soil
Source (acid) (alkaline) under (acid) (alkaline) (acid) (alkaline) surface

Aqua NH3 H H L H H H H V
Ammonium
  Sulfate L H L L H L H V
Ammonium
  Phosphate L H L L M L M V
Ammonium
  Nitrate V L V V L V L V
Calcium
  Nitrate V V V V V V V V
Sodium
  Nitrate V V V V V V V V
Urea M H L V L V V V
UAN 32/28 V M V V V V L V
1/Traynor, Joe. Ideas in Soil and Plant Nutrition., p. 36.

Certain fertilizer formulations, both dry and fluid, have been demonstrated to
greatly reduce ammonia volatilization losses.  The section entitled “Complimen-
tary Nutrient Interactions with Nitrogen” outlines the various fertilizer formulations
involved and their modes of action in helping to reduce nitrogen loss.

b.) Leaching Losses: Leaching is the most significant pathway of soil nitrogen

loss other than plant uptake (57). Nitrate-N (NO3 -N) is readily leached with the
movement ov water, since nitrate cannot attach to soil and/or organic matter (see
fig. 6).
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fig.    6. Nitrogen Retention by Soil and Organic Matter
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Nitrate is evolved in the soil by the process of nitrification (Fig. 7) (92).

fig.   7.  Nitrification Process

The nitrification reaction is governed by bacterial activity that is influenced by
the following conditions (81):

i) Soil temperature: Soil temperatures between 65o and 90oF are the most
favorable.  Conversion of ammonium to nitrate within these temperature
ranges takes from two to four weeks depending on the other following
conditions.

ii)  Soil aeration: Adequate oxygen is required for bacterial activity in this
process. Evidence also suggests adequate carbon dioxide [derived from
atmospheric or free bicarbonate (HCO3) in the soil] is also essential (81).
Soils that tend to have poor internal drainage and/or water logging naturally
limit oxygen and carbon dioxide supply, and are also those soils most readily
susceptible to compaction, which also limits soil aeration characteristics.
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Application 1/ Sampling NO3-N N derived
method depth(feet) mg/L fromfertilizer(%)

Single 5 116 69
Split 5 71 47
Single 8 77 25
Split 8 48 13

1/N applied at 160 lb. N/A as urea.

iii) Soil pH: Optimum pH range is between 6.0 and 7.0 for the bacteria
involved.

iv) Soil moisture:  Extremes in moisture conditions retard bacterial activity
and, therefore, the rate of nitrification.

Considerable leaching losses of nitrate can occur when soil nitrate content is
high and water movement through the soil profile is large.  Exact amounts of
nitrate lost to leaching is difficult to predict, due to highly variable factors such
as rate of water movement through the soil (either from rainfall and/or
irrigation), soil type (including subsoil texture), cropping systems, tillage
systems, and the rate and timing of nitrogen fertilizer applications.  Substan-
tial work has been done over the years attempting to assess the interaction
of the aforementioned factors on influencing nitrate leaching losses.  (8, 33,
34, 40, 53, 57, 66, 70, 76, 77, 81)

Trends from these studies can be helpful in assessing the potential magnitude
of nitrate losses in attempts to better utilize application of nitrogen fertilizers.

Sandy, low organic matter soils (CEC’s less than 10) generally allow rapid
intake and downward movement of water, where one inch of water can move
nitrates down about one foot (50).  Work done on a Wisconsin Plainfield sand
traced nitrate movement within a ten-foot soil profile (75).  At the end of the
eight-month study only 25% of the total nitrogen had been recovered.  Other
work done in Minnesota on a sandy soil planted to corn is summarized in
Table 8 (76).

Table    8.

N Derived from Fertilizer in the Soil Solution at 5 and 8-Foot Depths at the

Season Maximum NO3–N Concentration (Gerwing et al . , 1979)
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The spring applied nitrogen rates resulted in significantly less nitrate leached
for the split application treatment.  Samples for nitrate taken in the Minnesota
study in the underlying aquifer fifteen feet deep followed similar trends also.
Both studies here indicate the large potential for nitrate leaching in low CEC
sandy soils in just one growing season, making lower rate, split applications
of nitrogen fertilizers both economically and environmentally more advanta-
geous.

Medium textured soils (CEC’s between 11 and 16 ) are somewhat more
dependent on the amount of water received during any one year with respect
to the amount of nitrate moved by leaching.  Generally, medium textured soils
are fairly capable of allowing saturated and unsaturated water flow to occur
quite easily (unless compaction interferes), allowing nitrate to move down five
or six inches per one inch of precipitation (30).  Because of their greater
nutrient and water holding capacity as compared to sandier soils, medium
textured soils potential for stored nitrates increases, thereby potentially
increasing nitrate leaching in any given year where rainfall and/or irrigation
requirements may be high.  Studies in the Big Spring Basin region of
northeastern Iowa showed annual nitrate losses of 27 and 43 pounds of
nitrogen per acre (40), where annual rainfall amounts are between 30-35
inches per year.  Table 9 summarizes a study done on a Mt. Carroll silt loam
in southeastern Minnesota (75, 76).

Table    9.

Nitrate–N in 0–5' Profile in Goodhue Co. as Influenced by Time of Sampling

N 1982 1983 1984 Two Year
rate F S F S Avg. Change

lb / A ------------------------- lb  NO3–N /A ---------------------------- %

0 150 60 126 35 64
67 221 89 152 37 68
134 225 77 178 57 67

F = Fall; S = Spring

The data indicate silt loam soils have a substantial capability to store nitrate
after the growing season and into the fall for all three nitrogen rates, and that
potentially about two-thirds of that residual nitrogen can be lost by the
following spring.  Fall applications of nitrogen (rates greater than 40 pounds
per acre without use of a nitrification inhibitor) on medium textured soils would
not be economically or environmentally advantageous.
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Fine-textured soils (CEC’s greater than 18) are generally high in both clay and
organic matter content, allowing for large quantities of water storage within
the soil profile.  Nitrate movement is somewhat slower than that within
medium-textured soils.  Due to the less favorable drainage characteristics of
fine-textured soils, tile drainage lines are often installed, adding another
variable into nitrate movement and potential nitrogen loss.  However, Gast,
et. al. (1974) (33) in a nitrate accumulation and drainage study on a fertilized
tile drained, Webster, clay loam in south-central Minnesota, found relatively
little nitrate loss via tile lines.  Dentrification losses attributed for most of the
nitrogen fertilizer not taken up by the corn crop.  In a five-year study done on
a similar Webster clay loam soil in southern Minnesota, similar low rates of
nitrate loss were found with rates of nitrogen as high as 300 pounds per acre
(Table 10) (77).

Table    10.

Nitrate–N Lost Through Tile Lines at Waseca, MN from 1975 – 1980
as Influenced by N Rate

Total N applied  1975-1979 Total NO
3
–N lost

lb / A lb / A % of applied
0 81 ––

500 141 12
1000 236 16
1500 411 22

Data from Table 10 indicate some nitrate was lost through tile lines at the zero
pounds of nitrogen rate, exceeding the 10 mg/L NO3-N concentration for
groundwater established by the Environmental Protection Agency.  In a
separate five-year study also done at Waseca, Minnesota, fall vs. spring
applications of nitrogen at two rates and the effect of nitrate loss through tile
lines were evaluated.  A zero nitrogen rate was also studied, where soybeans
were included in the study (Table 11) (77).

Table    11.

Corn and Soybean Yields and NO3–N Lost Through the Tile Lines as
Influenced by N Rate and Time of Application at Waseca

1978-1981
N Treatment 1978 - 1982 NO

3
–N lost

Crop Rate Time Avg. Yield thru tile lines
lb / A bu / A lb / A

Corn 0 ––– 66 28
Corn 120 Fall 130 107
Corn 120 Spring 150 75
Corn 180 Fall 159 136
Corn 180 Spring 167 106
Soybeans 0 ––– 44 119
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As mentioned for both coarse and medium textured soils, the advantage of
spring over fall applied nitrogen is evident on fine textured soils as shown in
Table 8.  Soybeans, due to supplying some nitrogen back to the soil in addition
to improving surface soil conditions for water intake and downward move-
ment showed as much nitrate loss via tile drainage lines as the average of the
two 180 pounds of nitrogen per acre treatments on corn.  Fertilizer nitrogen
sources cannot be blamed for all the nitrate accumulation in groundwater on
fine textured, high organic matter soils, especially where legumes are also in
regular rotation with other crops.

Little work has been done regarding the effects of conservation tillage on
nitrate concentrations and movement in soils.  A natural consequence of
conservation tillage is reducing water runoff, thereby increasing soil water
retention by enhancing water infiltration rates and subsequent percolation
through the soil.  The effect of primary tillage on corn yield and nitrate lost
through tile lines was studied at the Southern Experiment Station of Minne-
sota (Table 12) (77).

Table    12.

Effect of Primary Tillage on Corn Yield, Tile Line Drainage and NO3-N
Lost Through the Tiles from 1982 - 1985.

Tillage
Parameter Moldboard Plow No Tillage

Avg. grain yield  (bu / A) 134 127
Total tile discharge (acre – inches) 57 61

Total NO3–N lost in tile (lb / A) 137 149
N lost via tile line as a percent of
   applied N 15 17

Only slight differences in total tile discharge and nitrate-N lost in the discharge
were found between the two tillage systems studied.  However, the author
suggested more studies be conducted over a wider range of soil types and
various tillage systems before linking conservation tillage to increased nitrate
occurrence and potential nitrate leaching.

Irrigation has a variable effect on the amount of nitrate leached through the
crop root zone, depending on soil type, type of irrigation system, and the
amount of water applied.  Under sprinkler irrigation systems where minimal
leaching is required for salinity control, water percolations per growing
season range from 1.25 to 4.25 feet (57).  In furrow irrigated fields, where
greater percolation losses of nitrate occur in the process of adequately
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supplying water to the entire field, water movement will vary considerably
from point to point.  Where leaching of excess salts is necessary, consider-
able amounts of nitrate can be lost.  Overall, nitrate leaching losses from
irrigation can range from 13% to 102%, averaging 25% to 50% of the nitrogen
applied in most cropping situations (57).

Leaching losses of soil nitrate, whether from natural soil plant residue, or
fertilizer sources, can be appreciable.  In a recent study conducted by the
Leopold Center at Iowa State University, nitrogen fertilizers were cited as the
primary source of nitrate in rivers.  However, the study found virtually no
difference in nitrate levels in the Des Moines River from 1945 (5 parts per
million) compared to an average nitrate level from 1980-1991 (5.6 parts per
million).  The study emphasized that while nitrate levels in the Des Moines
River had not changed appreciably, the sources of nitrate have.  In 1945, the
primary sources of nitrate were probably soil organic matter release of
nitrogen and legume (alfalfa hay) nitrogen fixation; present day nitrate
sources have shifted to fertilizer sources, compounded in effect by higher
nitrogen rates, larger number of nitrogen fertilized acres, and tile drainage.  In
order to minimize the potential threat of nitrate contamination of surface and
subsurface waters, proper assessment of soil type and its natural nitrogen
supplying capability, crop to be grown with realistic yield goals, and efficient
application of nitrogen fertilizers need to all be integrated into an effective
nitrogen management program.

c.) Soil Nitrate Testing:  The previous discussions relating soil types and
potential nitrate leaching amounts have related data from more humid, high
rainfall (greater than 25 inches per year) areas.  In areas receiving less than
15 inches of precipitation per year, substantial amounts of nitrate can remain
in the upper two feet of the soil profile across all soil types, as shown in Table
13.

Table    13.

NO3-N Projections Based from Two-Foot Sample

Sample *Soils w/Silty Clay **Soils w/Loamy or
Depth Loam Subsoils Sandy Subsoils

-----------NO3-N Distribution-----------
(%)

0 - 1 ft. 27 30.5
1 - 2 ft. 25 29.5
2 - 3 ft. 24.5 26.5
3 - 4 ft. 23.5 13.5

—Avg. of Weighted Means of Total N—
(lbs/A) +

0 - 4 ft. 115 62

* Average of Four Soil Types (Hord, Hall, Wood River Series)
** Average of Six Soil Types (Cass, Leshara, Volin Series)
+ A large coefficient of variation in NO3 levels of Individual Cores.
Univ. of Nebraska - Lincoln
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Nitrate testing for residual nitrogen carryover should be an essential part of
a nitrogen management program in the more arid regions of crop production.
Assessing an exact credit to the final nitrogen recommendation for a crop
based on nitrate carryover is somewhat difficult, owing to variances in soil
type as depth increases, the amount of precipitation received since the nitrate
test was taken, amount of irrigation water (if any) to be applied, and the rate
and timing of succeeding nitrogen fertilizer applications.  Generally, we follow
Table 14 in determining how much credit to apply residual nitrate vs. soil
depth.

Table    14.

Table 15.

Converting Parts Per Million (ppm) Soil Nitrate-Nitrogen (NO3-N)
to Pounds Per Acre (lbs./A) Per Soil Depth

[Sample Depth (inches) X 0.3] X  ppm NO3-N = lbs./A NO3-N

(sample depth factor)

Sample Depth (Inches) Sample Depth Factor
12 3.6
24 7.2
36 10.8
48 14.4
60 18.0
72 21.6

Examples:
a.) 12-inch sample:  25 ppm NO3-N

Sample depth factor X 25 ppm NO3-N
3.6 X 25 = 90 lbs./A NO3-N

b.) 24-inch sample:  40 ppm NO3-N
Sample depth factor X 40 ppm NO3-N
7.2 X 40 = 288 lbs./A NO3-N

*Factors are determined by an efficiency factor based on sampling depth
(0.8 for 0-6 inches and 0.5 for 6-24 inches).

Available NO
3
-N Equation

NO3-N Test Available
Depth (ppm) Factor* NO3-N (lbs/A)

0-6" X 1.44 =

6-24" X 2.70 = ___________

Total Avail. NO3-N
- 10 lbs. NO3-N

NO3-N for Rec.
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Figure 8 illustrates the Midwest and near West regions with respect to inches
of annual average percolation of water below the root zone.  Nitrate carryover
should be monitored especially in those areas where annual water percola-
tion below the root zone due to precipitation is 5 inches or less.

fig.    8.      Average Annual Percolation

Until recently, residual nitrate nitrogen was not assumed to accumulate and
carryover to a succeeding year's crop in the humid regions of the U.S.,
especially where rainfall exceeds 30 inches per year and/or where average
annual water percolation exceeds 12 inches.  However, various studies in
humid regions of the U.S. have shown specific situations do occur where
carryover nitrate-nitrogen remains in the root zone and is available for next
season's crop (9) (10) (27) (58).  The potential for nitrate-nitrogen carryover
exists if either i) nitrogen from fertilizer and/or non-fertilizer sources exceeds
crop needs, or ii) crop utilization of nitrogen is limited by unfavorable growing
conditions (i.e., drought, pests, disease).  Other considerations such as soil
texture and overwinter precipitation are important in assessing whether
residual nitrate-nitrogen will remain in the root zone for the next season's crop
and significantly benefits yield.  Generally, carryover nitrogen is most likely to
occur in years with normal or below normal overwinter precipitation and more
likely as well to accumulate in loam or heavier textured soils.  Table 16 shows
the relative effects of soil types and precipitation on carryover of residual
nitrate.
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Table 16.

Relative Effects of Soil Types and Precipitation
 on Nitrogen Carryover1/

Overwinter Precipitation
Soil Type Below Normal Normal Above Normal

-----Potential for Nitrate-N Carryover-----
Sands, sandy loams, loamy sands Low Low Low
Loams High Medium Low
Silt loams, heavier textured soils High High Low

Soil, crop, climate, and management components of the previous year's
production practices can influence soil nitrate accumulation and the useful-
ness of soil nitrate testing.  Previous year practices where nitrate accumula-
tion is not likely:

1)  First-year corn after a forage legume or soybean.
2)  Second-year corn after legume if no fertilizer or manure N was used on first-
year corn.

Previous year practices where nitrate carryover is probable and benefits from
soil nitrate testing are likely:

1)  Corn after corn - moderate to high N rates.
2)  Corn after corn - manured.
3)  Corn after legume with manure or fertilizer N added.
4)  Previous crop yields below expected levels.

There is considerable variation on interpreting residual soil nitrate levels, as
well as when to take the sample and from what  depth in the soil.  Table 17
provides an overview of various states concerning use of nitrate-nitrogen
tests.

1/Bundy, L.G., and S.M. Combs.  1990.  The University of Wisconsin preplant
profile nitrate testing program. In:  Soil Plant Analysts Workshop Proceed-
ings, St. Louis, MO. 1990.
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Table 17.

Survey of University Soil Testing Personnel Concerning Use of
NO3-N Testsa

Sampling Depthb

Desired Acceptable for
Statec Cropsd depth recommendation Status of Calibratione

------------------ft.-----------------
CO SG, P, SB, C, S 0-2 0-1 Limited work.  SB:  1970's data;

WW:  1980's; SG, C:  1950's-60's

IA C 0-1 0-1 Ongoing.  C:  1980's

IL C 0-2 0-2 Ongoing.  C:  1980's

IN C 0-1 0-1 Ongoing.  C:  1980's

KS W, C, S 0-2 or 4 0-2 Ongoing.  1960's-70's data base.

MI C 0-2 0-2 Ongoing.  C:  1980's

MN C, WW, SB 0-2 or 0-4 0-1 Ongoing.  C:  1980's
WW:  1960's; SB:  1960's

MT WW, SG, B 0-4 0-2 Limited work.  1970's data base.

ND All NL 0-2 SB 0-2 Ongoing.  SB:  1958-80's data
0-4 base; SG:  mid-1970's data base.

NE WW, SG, SB, C 0-6 0-2 Ongoing.  WW:  1980's data; C:
1980's data; SB:  1970's data; SG:
1960's data

NM CT, C, S, WW 0-3 0-2 Limited work.  CT - 1970's data.
Use CO & TX data.

OH C, SB 0-1 0-1 Ongoing.  C:  1980's.

OK All NL 0-2 0-2 Ongoing.  WW:  1980's data; Other
Crops:  1950's-1960's data.

ONT C, P, T 0-1.5 0-1.5 Ongoing.  C:  1980's

PA C 0-1 0-1 Ongoing.  C:  1980's

SD All NL 0-2 0-2 Ongoing.  SG:  1980's data;  C:
limited data.

TX CT, C, S, WW 0-6" 0-6" Ongoing.  1970-80's data;
extending work into more humid areas.

VT C 0-1 0-1 Ongoing.  C:  1980's.

WI C 0-3 0-3 Ongoing.  C:  1980's.

WY All NL 0-4 0-1 Ongoing.  Limited work and data base.

aAdapted from Hergert, 1987.  All states use soil nitrate tests.
bDesired means depth (ft) requested to provide best recommendation.  Acceptable means minimum sample depth required
before NO

3
-N is used to modify an N recommendation.

cThe following people were contacted to obtain the information presented in this table.  CO=H.  Follet; KS=D.  Whitney; MT=P.
Kresge; ND=E.  Vasey; NM=L.  Cihacek; OK=G.  Johnson; SD=J.  Gerwing; TX=D.  Pennington; and WY=K.  Belden.
dB = Barley; C = Corn; CT = Cotton; NL = Non-Legume; P = Potato; SB = Sugar Beet; SG = Small Grains (oat, spring wheat,
winter wheat); S = Grain Sorghum; T = Tomatoes; WW = Winter Wheat
eAge of data base used for current N recommendations and status of calibration work.
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In the more humid regions of the U.S., the residual nitrate-nitrogen test follows
two different sampling time frames, and a variety of sampling depths.  One
timeframe for sampling occurs during preplant, anywhere from Mid-March to
just prior to planting, usually at depths varying from 2 to 4 feet, with samples
being analyzed for residual nitrate at one foot increments.  Usually 15-20
cores per sample are collected representing a uniform soil area not larger
than 20 acres.  Proponents of this method of assessing residual nitrate
carryover cite good to very good corn yield correlation data, especially the
deeper the sample (10) (29) (47).  Field data collected on a silt loam soil in
northeast Iowa shown in Table 18 shows the importance of deeper sampling
when properly assessing residual soil nitrate (14).

Table 18.

Influence of Previous Crop and Fall-Applied N
on Soil Profile Residual Nitrate - Nitrogen1/

Previous Crop
Sample Depth Corn Soybeans
-----inches----- ----ppm NO3-N---

0 - 12 17 24

12 - 24 17 14

24 - 36 11 9

36 - 48 12 11

Total 57 58

June, 1991.  Cleves, Iowa.

Field evenly split between corn and soybeans.

The data indicates that  following soybeans there is a slight benefit in the top
foot of soil as far as carryover/residual soil nitrate, and actually show lower
nitrate levels in the second, third and fourth foot depth increments.  These
lower soil depth residual nitrate levels are important mid to late season
nitrogen supply sources for corn, and a shallower, one foot sample may under
or overestimate residual nitrate depending on factors outlined in Table 16.

1/Curley, R.D., and S. H. Curley.  1991.  Field sampling project, United Suppliers,
Eldora, IA.
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The other time frame for sampling of residual soil nitrate in humid regions has
been termed the pre-sidedress or late spring nitrogen test, usually when corn
is approximately six inches to one foot tall.  Ten to twenty-five cores at one foot
deep, collected from no more than 10 acres of uniformly treated or homoge-
nous soil area are required.  This sampling timeframe for residual nitrate is a
fairly accurate predictor of whether corn yield will respond to nitrogen fertilizer,
though it is limited in its ability to accurately predict nitrogen fertilizer needs
on nitrogen responsive fields (84).  Critical nitrate levels of 22-25 ppm NO3-
N (or 79-90 lbs. of N per acre) have been developed for this residual nitrate
test, a level above which there is no response to additional nitrogen.
However, when the nitrate levels are below the 22-25 ppm critical value, there
is poor correlation between this soil nitrate test and the amount of applied
nitrogen needed for economic optimum yields of corn (84).  This timeframe
for nitrate testing is primarily useful to determine if more nitrogen is needed
after a preplant, broadcast nitrogen application has been done, or on fields
receiving manure applications.  We utilize the data in Table 19 when making
nitrogen recommendations based on the late spring sampling timeframe.

Table 19.

Estimating Nitrogen Needs Using the Late Spring Soil Test

Fertilizer Nitrogen Recommendations to be Applied Sidedress

Soil Fertilizer Soil Fertilizer
NO3-N Recommendation NO3-N Recommendation
(ppm) (lb. N/Acre) (ppm) (lb. N/Acre)

0-10 110 to 160 19 20 to 70
11 100 to 150 20 10 to 60
12 90 to 140 21 0 to 50
13 80 to 130 22 0 to 40
14 70 to 120 23 0 to 30
15 60 to 110 24 0 to 20
16 50 to 100 25 0 to 10
17 40 to 90 26 or more 0
18 30 to 80

Source:  Estimating nitrogen needs for corn by soil testing.  PM1381.  Iowa State Univer-
sity Extension and Leopold Center.  Ames, Iowa.  Jan. 1991.

May also be used in fields fertlized with ammonia if:

- application rate did not exceed 125# N/A
- soil sample analyzed is derived from at least 24 cores without regard to injection

band.
- fertilizer N recommendations are adjusted to reflect that one-third of the N

applied is not revealed by the soil test.
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Spin-off technology based off the late spring soil test for residual nitrate
concept has recently been developed and field tested.  Combining highly
sensitive anion sensors and computer technology, an "on-the-go" nitrate
testing equipment system  is being field tested and actually seen farmer
use (61) (90).  A representative set-up of such an "on-the-go" nitrate tester
is depicted in figure 9.

Tables 20 and 21 show  variable rate nitrogen application data on corn utilizing
on-the-go technology.

fig. 9.

Schematic Example of "On-the-Go" Soil Nitrate Testing and Nitrogen
Application System Equipment
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Table 20.

Effect of Variable Rate of Anhydrous Ammonia Application
on Yields and Economic Returns, 1990†

Corn Net
Location Treatment1/ Nrates2/ Yields Return3/

--lbs/A-- --bu/A-- --$--

A Check 0 98 206
Conventional 170 163 343
Variable-soils4/ 60-190(103) 158 340
Variable-grid4/ 60-190(95) 161 350

B Check 0 101 230
Conventional 130 110 236
Variable-soils 55-115(80) 111 243
Variable-grid 55-160(71) 110 244

C Check 0 134 257
Conventional 140 160 298
Variable-soils 55-175(95) 161 305
Variable-grid 55-220(83) 157 293

1/Thevariableratetreatmentswerebasedoneithersoilseriespropertiesorongridsoilsam-
plingnutrientresults.
2/Forvariablerates,therangeandweightedmeanislisted.
3/Netreturnincludesyields,dryingcosts,Nfertilizercosts,andsoilsamplingandanalysiscosts.
4/Soils: Samplingdonebysoiltype.
Grid: sampling done by grid method.

tEconomicPerspectiveonVariableRateFertilization. M.SchmittandD.Fairchild. In: Pro-
ceedingsofTwenty-firstNCEISoilFertilityWorkshop,St.Louis,MO,1991. p.28-34.

Table 21.

CornYieldsin1991onLargeStripTests(3ac.)Comparingthe
SoilDoctor(VariableRates)withtheFarmer'sTraditionalRates1/

N Delivery N Yield @ 15.5% H
2
O

Goal Method Applied2/ Rep 1 Rep 2 Rep 3 Rep 4 Avg.
lb/A lb/A ------------------------bu/A---------------------

150 Variable 118 143 146 141 142 143A*
150 Constant 157 140 139 140 137 139B

*Significantlydifferentatthe0.1level.

1/Murdock,L.W.1992. ThesoilDoctor--afieldtrial. In: ProceedingsTwenty-firstNorthCentral
Extension-IndustrySoilFertilityConference. P.127-133. St.Louis,MO. Nov.13-14,1992.

2/N applied as ammonium nitrate
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Depending on soil type variability and farmer management practices, variable
rate nitrogen application based off on-the-go nitrate testing does show initial
promise in corn yield response, nitrogen fertilizer cost savings, or both.

Since the on-the-go nitrate testing system is limited to no more than the top
one foot of the soil profile, the same limitations for its interpretative value may
apply as discussed for the late spring nitrogen test.  Also, another limiting
factor regarding the anion sensors utilized for on-the-go systems is their
sensitivity to other anions in the soil solution (primarily chloride) may interfere
with accurate on-the-go nitrate readings.  University of Illinois research
indicates when soil nitrate readings are less than 50 ppm, on-the-go nitrate
readings may be somewhat inflated due to interference with chloride anions
(72).  On-the-go, variable rate nitrogen applications utilizing anion sensors for
nitrate may be subject to question as far as accurately determining soil nitrate
levels where medium to high rates of chloride fertilizers are employed (i.e.,
potassium chloride, magnesium chloride, calcium chloride) or where irriga-
tion water high in soluble salts is used.

d.) Denitrification Losses:  denitrification is the process by which soil nitrogen
(in the nitrate form) is lost to the atmosphere as dinitrogen oxide (N20) and/

or molecular nitrogen gas (N2), as shown in fig. 10 (26, 93).

fig.   10. Dentrification Process

The general requirements for denitrification are (a) anaerobic soil conditions,
(restricted oxygen supply), (b) presence of denitrifying bacteria (those strains
which can obtain oxygen from NO3-N under anaerobic conditions), (c)
availability or presence of nitrate, (d) organic carbon compounds (i.e., organic
matter, manures, high carbon plant residue), and (e) certain sulfur com-
pounds or molecular hydrogen (H2) (26, 71).

Organic compounds high in carbon significantly influence the rate at which
denitrification proceeds.  High amounts of readily decomposable organic
matter and rapid denitrification rates are highly correlated (11, 57).  Manures,

NO NO NO N  0 N
3 22 2

(gas) (gas)
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a readily decomposable high carbon and high nitrate source greatly increases
denitrification rates if suitable conditions listed previously exist (26).  Plant
residues as well as actively growing plant roots contribute a potential for
denitrification as well, by supplying carbon and localized zones of lower
oxygen concentration (26).  Crops whose root growth influences this relation-
ship include barley, corn and wheat.  In general, studies conducted in the
presence of actively growing plants have found higher denitrification rates,
especially in the presence of adequate nitrate and readily decomposable
carbon sources (26).  Because plant root distributions and readily decompos-
able carbon sources are most concentrated in the zero to six inches of soil,
denitrification activity is generally repressed at the lower soil depths in most
agricultural soils (26).

Soil compaction and denitrification are closely linked, even at average soil
water contents.  Compaction drastically eliminates many of the larger soil
pores and, therefore, greatly reduces soil oxygen content, giving rise to
potential incidence of denitrification.

Nitrate-nitrogen is the major energy source upon which the denitrifying
bacteria feed on.  Effectively managing nitrogen fertilizer inputs to maintain
higher ammonium-N concentrations for longer periods of time can help
reduce the amount of fertilizer nitrogen lost through the denitrification path-
way.

Assigning exact amounts of nitrogen loss due to denitrification has been
difficult and more variable in results than attempts in measuring nitrate
leaching loss (20, 26).  Accurate work has been accomplished in laboratory
closed systems, or tightly controlled field studies (i.e., use of lysimeters).
However, correlation to actual field situations has been difficult because
under normal rainfall or irrigated field conditions, the soil is poorly aerated for
only short periods at several times during the growing season.  Estimates of
overall nitrogen loss via denitrification during an entire growing season range
from 9% to 15% of the total application of nitrogen fertilizer (57).  As mentioned
earlier, fine textured, high organic matter soils may exhibit a higher potential
for denitrification nitrogen loss than leaching nitrogen loss (76).

e.) Other Losses:  Ammonium-N fixation by soils and plant residues is a fairly
rapid but short lived process. As much as 59% of the ammonium fraction of
fertilizers can be immediately fixed by clay minerals (57), but anywhere from
66% to 96% of that fixed ammonium was subsequently released for crop
uptake during the remainder of the growing season (57).

Erosion losses of top soil can contribute substantially to loss of organically
bound nitrogen in the soil.  Consider that every 1% organic matter per acre-
furrow-slice (one acre at six and two-thirds inches deep) weighs 20,000
pounds.  The average nitrogen content of organic matter is about 5%, thus



33

every 1% organic matter per acre-furrow-slice yields about 1,000 pounds of
nitrogen.  Loss of only one or two inches of top soil would represent 15% to
30% loss of organic matter nitrogen, important sources of supplemental
nitrogen for all crops.

Effective management of the soil and nitrogen fertilizer applications must be
integrated in order to minimize the effects of the various pathways of nitrogen
loss, notably leaching, denitrification and erosion. Effective nitrogen fertilizer
applications involve coordination of nitrogen rates and timing of applications,
complimentary interactions with other fertilizer nutrients, placement of nitro-
gen fertilizer in the soil to enhance availability and retention, and the use of
nitrification inhibitors where possible.  When considering corn, proper hybrid
selection should be coordinated with the given nitrogen fertilizer application
schedule in order to have nitrogen availability meet corn nitrogen uptake
patterns.  These aspects of nitrogen management will be discussed in section
II: Effective Nitrogen Management: An Integrated Approach.

II.   EFFECTIVE NITROGEN MANAGEMENT: AN INTEGRATED  APPROACH

Effective nitrogen management involves not only proper assessment of crop need
and yield goal, but also must take into account nitrogen application timing, specific
soil placement of nitrogen fertilizer, other nutrients which interact positively with
nitrogen in the soil and in the plant, and use of nitrification inhibitors. Hybrid selection
has also been proven important in the case of efficient use of nitrogen and corn
production.  “An integrated approach” to effective nitrogen management should
attempt to draw upon all the possible options of increasing nitrogen-use efficiency,
which ultimately can lead to more profitable crop production and a safer environ-
ment.

A.  Proper Assessment of Crop Need and Yield Goal Planning

The need for assessing specific crop nitrogen need and matching realistic yield
goals to that need based on climate, soil classification, genetics and overall
management of the other crop production inputs are the most important steps in
getting the nitrogen fertilizer inputs planned effectively.

A great many debates, seminars, research efforts and even legislation in some
states have focused on nitrogen fertilizer recommendations.  Out of all these
efforts to better manage nitrogen fertilizer, the most common element has been
the rate at which nitrogen is applied.  Arriving at proper nitrogen fertilizer rates
required integrating the crop and soil components that affect nitrogen rates and
systematically apply those components to each particular management system
(i.e. each field or parts of fields), using previous crop history and grower
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management level as further adjustment inputs.  A basic nitrogen fertilizer rate
equation should therefore look like this:

N fertilizer rate1/ = (Yield X Total Crop N Need) - (Organic Matter N + Previous Crop N + Manure
or other N Wastes) + Irrigation Water NO-

3 Content

Yield goal and total crop need are the main components that will determine the
rate of nitrogen fertilizer to be applied.

Realistic yield goal assessment is not an easy figure to arrive at, and is perhaps
the weak link in the nitrogen rate calculation process.  A Nebraska study
surveying farmer estimation of corn yield goals found general overestimation by
40 bushels per acre (43).  There is no one correct method to set realistic yield
goals.  Following are several commonly used methods for setting yield goals (43):

1) Using a maximum yield produced from the past
2) Using a proven farm running average
3) Using a proven field running average
4) Using a proven county average
5) Using a five-year average with the lowest yielding year omitted
6) Using a five-year average increased by five percent
7) Using a Crop Equivalency Rating for the soil type in your field

Other important considerations may likely also include whether a given field is
leased or owned, or more complicated analysis of cost per bushel requirements.

Calculating the amount of nitrogen required to produce yield from any crop should
be based on an estimate of the total  need of that crop to grow and reproduce (i.e.,
set an ear, form kernels of grain, tuber set, etc.), not just on that amount of
nitrogen removed from harvesting.  Other important factors affecting the amount
of nitrogen required are nitrogen timing (see pages 37 to 43), nitrogen placement
(pages 43 to 51), and secondarily positive interactions with other nutrients (pages
51  to 59).

We provide an estimate of mineralized plant available nitrogen derived form soil
organic matter over the growing season (ENR: Estimated Nitrogen Release;
pages 4 to 6).  Currently, other nitrogen credits for previous crops follow these
guidelines:

Previous Crop N Adjustment
Fallow 30 lbs.
Alfalfa 40-60 lbs.

Soybeans 20-30 lbs.

1/After Schmitt, M.A., et. al. 1992.  Components in a nitrogen fertilizer recommendation. In:
Proceedings of Soils, Fertilizer and Agricultural Pesticides Shortcourse and Exposition.  Minnea-
polis, Minn.  Dec. 10-11, 1991.
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Nitrogen credits for other residues and manure can be found on page 7  to 9; other
nitrogen wastes (i.e., sewage sludge) nitrogen contents are summarized on page
11; nitrate nitrogen credits taken during the "late spring," pre-sidedressed
timeframe are summarized on p. 28.

Table 22 is a schematic flow chart approach that  we use to arrive at a basic
nitrogen recommendation for corn, cereals (wheat, oats, barley) and grain
sorghum.

Table 22. Nitrogen Recommendation Worksheet

X

Yield Goal

Crop Factor (Table 22i)

Total N Requirement

Total N Requirement

ENR [For Wheat and Oats Use
(0.20 X ENR)]

ENR Adjusted N Rec.

Did You Analyze for NO3-N?

No

Yes ENR Adjusted N Rec.

NO3-N (Table 22ii)

Adjusted N Rec.

Previous Crop Adjustment
(Table 22iii)

Nitrogen Recommendation
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Table 22 i.

Crop Factor

Corn 1.76
Wheat 1.70
Sorghum 1.65
Oats 1.2

Table 22 ii.

Table 22 iii.

Previous Crop N Adjustment

Fallow 30 lbs.
Alfalfa 40 - 60 lbs.
Soybeans > 40 bu. 20-30 lbs.

*Factors are determined by an efficiency factor based on sampling depth
(0.8 for 0-6 inches and 0.5 for 6-24 inches).

Available NO
3
-N Equation

NO3-N Test Available
Depth (ppm) Factor* NO3-N (lbs/A)

0-6" X 1.44 =

6-24" X 2.70 = ___________

Total Avail. NO3-N
- 10 lbs. NO3-N

NO3-N for Rec.
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Certain factors in corn which may favor late nitrogen availability (ammonium-
N) include:

a.)  High populations (greater than 27,000)
b.)  Stalk lodging prevalent
c.)  Multiple ear dominance (large demand for nitrogen in the ear(s))
d.)  Longer dry matter accumulation period (short time frame between
emergence to silking
e.)  Late season moisture stress typical

Data from work done by Flannery at Rutgers University in 1985 on high yield
corn identified both high-use and critical need time frames for nitrogen (Table
24).

The resulting recommendation is by no means “the final word”, however, for
the interaction of climate x genetics x management has yet to be applied.
Thus the importance of the dealer-farmer link in modifying any given fertility
recommendation, this final link in the implementation of the fertility recom-
mendation, takes into account  the climate x genetic x management interac-
tion, allowing for considerable change in recommendation guidelines.

B. Timing of Nitrogen Applications

Nitrogen applications should be timed so that i) adequate amounts nitrogen
based on crop need and yield goal, ii) are present in a favorable balance of
nitrogen forms (both ammonium and nitrate forms) that iii) remain in the root zone
for as long as possible into the growing season.  Tables 23, 24 and 25 show
percent nitrogen uptake during the growing season for corn, grain sorghum and
wheat respectively.

Table    23.

Corn % Plant Food Uptake

Dry
First 1/4 Second 1/4 Third 1/4 Fourth 1/4  Down

N 8 34 (42) 31 (73) 20 (93) 7 (100)

P2O5 4 27 (31) 36 (67) 25 (92) 8 (100)

K2O 9 44 (53) 31 (84) 14(98) 2 (100)

(Days from emergence)
100 day 22 44 66 End of Third 1/4

of 50% silking
120 day 26 52 79 or pollination
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Table    24.

Nutrient Uptake per day by Growth Periods in Corn

Sampling Days in ------------------- Nutrient------------------
Stage Period Uptake Per Day (lb)

N P2O5 K2O

4 – Leaf 32 0.38 0.08 0.58
8 – Leaf 12 1.63 0.35 3.35
12 – Leaf 15 3.43 0.90 3.37
Early Tassel 13 11.05 2.85 15.32
Silk 12 -1.43 0.88 2.63
Blister 18 1.00 0.70 0.68
Early Dent 31 3.71 1.44 1.41
Mature 13 0.16 1.16 -1.65

A high-use and critical uptake time frame starts at the 3-5 leaf stage and
continues through early tassel stage, followed by a critical nitrogen need time
frame from blister through early dent stage.  Evident is also a similar uptake
pattern for potassium (K20), essential for assimilation of nitrogen within the plant
(48).

Table    25.

Sorghum % Plant Food Uptake

Dry
First 1/4 Second 1/4 Third 1/4 Fourth 1/4  Down

N 5 34 (39) 32 (71) 17 (88) 12 (100)

P2O5 4 25 (29) 32 (61) 24 (85) 15 (100)

K2O 8 40 (48) 34 (82) 15 (97) 3 (100)

(Days from emergence)
Days 20 40 60 Phsyiological

Maturity (100)
Growing Point Half RS-610
Differentiation Bloom
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Maximum crop uptake patterns for corn, grain sorghum and wheat unfortunately
coincide with the highest nitrogen loss potential (nitrate losses via leaching and
denitrification) as illustrated in figure 11.

fig.   11. Nitrate-Nitrogen Loss Potential via Leaching and/or
Denitrification During Peak Loss Periods (15)

March        April         May        June         July        August        September

Courtesy Dow Chemical Company:  “The Benefits of Stabilized Nitrogen
Related to the Ammonium Form of Nitrogen.” No. 131-730-86.

Due to the high nitrogen loss potential during the growing season for corn, grain
sorghum and wheat, split nitrogen applications during spring and early summer
months have been proven effective both economically and environmentally.
Work done in Minnesota on corn, comparing single, preplant nitrogen applica-
tions, with a split nitrogen application schedule at nitrogen rates of 100, 150, 200
and 275 pounds of nitrogen per acre showed 67, 24, 21 and 12% yield
advantages  respectively, to split applying nitrogen (88).  University of Illinois
work has also demonstrated advantages of split applying nitrogen on corn  (Table
27) (6).
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Table    27.

Comparison of Yields from Single and Split Applications at
Three Locations in Illinois, N Applied at Rate of

180 Pounds Per Acre

Industry work done by Twin States Engineering, Bettendorf, Iowa, promotes a
three-way split nitrogen application schedule for corn,  a small portion goes on
preplant with other needed fertility requirements, a second portion is applied with
the herbicide application (either immediately prior to planting or just prior to corn
emergence), and the third nitrogen split is applied sometime during the maximum
corn uptake period.  Table 28 depicts the results of this program in 1983 at DeWitt,
Iowa (88).

Table    28.
Influence of N – Timing on Corn

N * Timing of Yield Increased
lbs / A Application Bu / A Protein %

0 – – – 145.30 – – –
100 PP; SD 165.21 0.66
150 PP 165.47 0.68
150 PP; SD 170.14 1.07

* Spring N – Application rates
All Plots received fall dribble application rate of 40 – 80 – 155 – 245 – 3 Zn
(PP - preplant; SD - sidedress)

160

140

120

100

80

60

40

20

0

131.0

148.0
157.0

135.0

Split N Application Yields more Co rn - U of IL;
1982 - 1983 Three Locations - 180 lbs. of N

Bushels
per

Acre

180 PP 180 SD60 PP 
120 SD

120 PP 
60 SDPP = Preplant 

SD = Sidedressed
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The use of nitrogen applied through irrigation water gave a broader meaning to
split nitrogen application as early as the 1930’s, when the first agricultural use of
anhydrous ammonia was applied through irrigation water (4).  Drip, furrow, solid
set, and center pivot irrigation systems are commonly used to apply several
supplemental nitrogen requirements during the growing season.  Research on
irrigated corn has shown the best split nitrogen application technique is a
combination of early side-dressed applications and later season sprinkler applied
nitrogen which showed less nitrate leaching losses and higher corn yield (21, 31,
45).  Table 29 lists a suggested split-nitrogen application schedule for corn and
grain sorghum, with sprinkler and combination sprinkler + sidedress application
options.

Table 29.
Weeks After Planting

Method Preplant Planting 1 3 4 5 6 7 8 9 10  11
Lbs. N / A

Corn
Sprinkler 155 10 25 25 15 10 10
Sprinkler 165 30 20 15 10 10
Combination1/ 35 10 46Sd 31Sd 58Sp        45Sp 25Sp

Grain Sorgum
Sprinkler 115 10 20 20 15 10
Sprinkler 125 20 20 15 10
Combination 20 10 35 Sd25 Sd 45 Sp       35 Sp 20 Sp

Exact timing of nitrogen applications for corn and grain sorghum should attempt
to supply nitrogen just ahead of maximum uptake and/or critical need time frames
(6, 31).  One-half to two-thirds of the total nitrogen application should be applied
at or just prior to planting (use of nitrification inhibitors can allow for late fall or early
spring applications or fulfill some or all of the preplant nitrogen requirements).
The remaining one-third to one-half of the nitrogen should be applied at the
beginning of the 5 to 8 leaf stage of corn and the 5 leaf stage of grain sorghum.

Split-applying nitrogen has advantages in small grains also.  These advantages
occur due to  a.) avoidance of excessive vegetative growth in the fall and
lessening disease occurrence, and b.) allowing more flexibility in adjusting later
nitrogen application rates to realistically reflect attainable yield goals (35, 69).  For
winter wheat, a suggested split-nitrogen schedule could be 25 pounds of nitrogen
per acre applied at seeding time, 25 pounds before spring green-up, and a final
50 pounds applied after tillering has occurred and the first node has formed (69).
Foliar applications of nitrogen up through the flag leaf emergence stage has

1/Combination is both sidedress and sprinkler applied nitrogen, where Sd = sidedress
and Sp = Sprinkler
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shown yield and protein increases (care should be taken not to damage flag leaf
tissue).  However, use of urea solution or fluid ammoniated phosphate and sulfur
fertilizers would be recommended (35, 56, 69).  Increasing the grain protein
content of hard red spring wheat from 12 % to 17 % has been achieved through
split applications of nitrogen, substantially raising the value of the grain (88).  In
some areas, response to nitrogen applications in small grains is linked to having
adequate supply of chloride (Cl-) and sulfur as well.  This aspect of increasing
nitrogen-use efficiency will be discussed in further detail in the section:  “Compli-
mentary Nutrient Interactions with Nitrogen.”

C. Specific Placement of Nitrogen Fertilizer

Broadcast urea fertilizers left exposed to the soil surface are very susceptible to
large amounts of nitrogen loss from ammonia volatilization (as described in the
section:  “Ammonia Volatilization Losses").  Nitrogen losses from surface-applied
unincorporated urea and urea ammonium nitrate solution can be as high as 48%
and 20% respectively (32, 78).

Applying nitrogen as a surface band or injected into the soil has been widely
shown to enhance nitrogen-use efficiency and increase yields in conventional as
well as reduced tillage for corn, grain, sorghum, wheat and pasturelands (2, 5, 18,
24, 41, 55, 62, 94).

Increasing amounts of acres are being farmed in view of conservation compli-
ance requirements for residue management, making appropriate timing, and
placement of nitrogen applications more critical.  High nitrogen starters, or
balanced nitrogen-phosphorus starters (i.e., 18-18-3) have shown good re-
sponse in no-till corn, as seen in Table 30.

Table 30.

No-Till Corn Yields as Influenced by Balanced N + P Starter (Purdue)

Yield (bu/A)

No starter 198

28-28-0* starter 215
(28-64-0)** starter

*expressed as lbs/A of N and P
**expressed as lbs/A of N and P205

Ohio data shown in Table 31 utilizing balanced N-P starter showed good
responses in corn as well, indicating starter formulations should be shifted to
favor a balanced N-P formulation as soils test medium high or higher in
phosphorus.
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66 bu.
45 bu.

Table 31.

Corn Yield As Influenced by Balanced NP-Starter

Starter Formula Applied1/

Site # 0-0-0 10-34-0 9-23-0 16-16-0-3S
(bu/A) (bu/A) (bu/A) (bu/A)

1 157 169 173 174
2 160 158 154 173
3 163 168 167 1682/

4 160 158 161 169

Avg. 160±3 163±6 164±7 171±3

Starter
Advantage -- +3 +4 +11

1/ Applied in 2X2 band @ 118 lb. product/A in addition to other broadcast N and/or P2O5

sources.  Soil P1 tests were (lb/A):  Site 1 = 59; Site 2 = 58, Site 3 = 58, and Site 4 = 100.

2/ Used 16-16-2-3S at this site.

Agrico Facts, Vol. XXII No. 2, 1991.

University of Missouri data on no-till corn shows very well the positive interaction
effect between nitrogen placement and timing (Table 32).

Table 32.

Effect of Time and Method of Application
of 180 lbs. N/A on No-Till Corn1/

1/ Nitrogen management for corn. 1992.  Fluid Fertilizer Foundation, Manchester, MO.

SIDEDRESSED - NPREPLANT - N

InjectedDribbleBroadcastControlInjectedDribbleBroadcastControl

45 bu.

111 bu.

128 bu.

152 bu.

110 bu.

138 bu.

168 bu.

65 bu.
93 bu.

123 bu.107 bu.

83 bu.
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Placement of nitrogen below the soil surface is somewhat of a concern under no-
till or highly erodible ground over concern about excessive residue displacement
or leaving potentially erodible furrows behind.  Development of a point-injector
fertilizer applicator was developed with the intent of delivering sub-surface
concentrations of nitrogen with minimal residue disturbance.  Figure 12 illustrates
a schematic representation of a point-injector fertilizer applicator, with data from
Table 33 showing corn yield response to point-injection of N.

fig. 12.

Schematic of Point-Injector Fertilizer Applicator

Table 33.

Influence of Source and Placement of N on Ridge-Till corn
Following Soybeans1/

N
Rate Source Placement Grain Yield
(lb/A) (bu/A)

0 -- -- 128.4

60 UAN Surface Band on Ridge 135.0
100 UAN Surface Band on Ridge 148.0
140 UAN Surface Band on Ridge 151.4

100 AA Knifed in Valley 145.0
100 UAN PI in Valley 159.0
100 UAN PI in Ridge 163.9

BLSD 0.05 13.1
1/Minnesota.  1986.
PI = point injection
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 Data from the University of Maryland by Bandel demonstrated effective nitrogen
response on no-till corn where urea-ammonium nitrate solution was either
dribbled (surface band) or knifed (94).  Surface dribble banding has also been
proven effective on pastures, bermuda grass, and wheat stands, showing
decrease nitrogen foliage burn and increases in forage and grain yield (55).

Figure 13 illustrates the principles involved in responses obtained from surface
banding and/or injecting nitrogen fertilizer (62).

fig.     13. Concentration Effects on Fertilizer Nutrients
from Broadcast and Surface Strip Applications

200 Pounds N, 40 Pounds P2O5, 80 Pounds K2O

A nearly seven-fold increase in nitrogen concentration resulted from the fertilizer
strips (surface-applied bands) applied on 15-inch centers and plowed under to
a six-inch depth compared to an equal rate of nitrogen that was broadcast and
disked.  Similar concentration effects can be attained where the surface band is
left unincorporated on the soil surface in the case of reduced or no-till situations.
Advantages of specific placement of nitrogen are: a.) increased concentration of
nitrogen within a localized zone without large increases in fertilizer rate and b.)
enhanced and prolonged nitrogen availability due to less fertilizer-soil and
residue contact and slower rates of conversion of ammonium-N to a potential loss
form as nitrate-N.  Normally, more humid, higher rainfall areas will not create a
severe positional unavailability of surface-banded nitrogen applications at pre-
plant or sidedressing time frames.  However, as an added measure of insurance
or in the more arid regions such as the Great Plains, injecting nitrogen into the
soil or along with irrigation water would be the superior method for adequate soil
retention and crop response to nitrogen fertilizer (55).
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Dual placement of nitrogen and phosphorus, where anhydrous ammonia and
liquid polyphosphate are injected simultaneously as a knife application has
proven very effective in the wheat belt regions of Kansas, Nebraska, Montana
and Canada (5, 41, 55).  Figure 14 illustrates the response in nitrogen and
phosphorus concentrations with the dual placement technique over equal
broadcast amounts disked into the soil (63).

fig.    14. Concentration Effects

100 Pounds N, 40 Pounds P2O5

Yield responses from dual placement have a number of possible explana-
tions: (63)

a.)  Forced plant uptake of ammonium nitrogen causing a lower pH (more
acidic) at the root surface.

b.)  Greater phosphorus availability at the root surface due to the acid
environment surrounding the root membrane.

c.)  Deeper placement of nitrogen and phosphorus where moisture is less
likely to limit root adsorption capabilities.

d.)  High ammoniacal-N concentrations delay phosphorus fixing reactions
with soil components (pH, calcium, magnesium, iron, aluminum).
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e.)  Reduced fertilizer-soil contact delays phosphorus fixation  rate (reduces
tie-up with calcium magnesium, iron, aluminum clay and organic matter
complexes).

Caution should be taken in using fertilizer sources high in urea or capable of
liberating free ammonia (i.e.: diammonium phosphate, 18-46-0) when applied as
a band near the seed (i.e.: in-the-row or 2x2 placements as a starter fertilizer) (2,
41, 73).  Seed and young root system damage may result, as well as short term,
unavailability of phosphorus contained in the fertilizer band or soil solution
phosphorus immediately surrounding the fertilizer band due to the elevated pH
levels caused by the free ammonia loss from banded urea or diammonium
phosphate.  Data from Canada in work comparing urea and ammonium nitrate
shows the negative effects of free ammonia on phosphate availability associated
with banded urea (Table 34) (42).

Table    34.

Nitrogen Interference with P Uptake from N-P Bands
in Barley

N  Source N  Rate Relative P Activity
_________________________________________________________

0 59

Urea 72 51
Am. Nitrate 72 85

Urea 108 47
Am. Nitrate 108 91

Urea 145 30
Am. Nitrate 145 100
_____________________________________________________________

P Rate was constant at 33 lbs/A  P
2
O

5
  as MAP

Harapiak; 1985.
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Tables 35-39 summarize beneficial crop responses to specific placement of
nitrogen as discussed earlier in this section regarding surface banding, injec-
tion, and dual placement application techniques.

Table    35.

Surface N Application Less Effective for No–Till Corn
W. Lafayette, Indiana

------------------------ Yield, in Bu / A-------------------------

No – Till Conventional
N Treatment 1979 1980 1979 1980

NH3 173 144 185 149
UAN Knifed 165 137 174 142
UAN Surface 156 121 ––– 136
UAN Disked ––– ––– 166 –––
Urea Surface 157 143 ––– 153
Urea Disked ––– ––– 188 145

LSD.10 14 12 14 12

147 Lb N / A.  Previous crop both years, corn.
Mengel et al. , Purdue University

Table    36.
 Purdue University

Corn

N Source Yield Average 3 Sites
Placement Bu / A

NH3 148
28 – Injected 152
28 – Surface 131
Urea – Surface 130
Ammonium Nitrate 129

160 Pounds per Acre, No till
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Table    37.

Influence of Tillage and Nitrogen Source on Yield

No Till
Nitrogen Source Method of Application Yield

Check 27.9

NH4 NO3 Broadcast 145.6
UAN Broadcast 111.2
UAN Dribble 146.4

Conventional Tillage
Check 72.3

NH4 NO3 Broadcast 146.3
UAN Broadcast 142.3
UAN Dribble 147.8

120 Pounds Nitrogen per Acre
Source: Maryland

Table    38.

Effects of N and Placement on Winter Wheat, Kansas, 1979.

Method 1/ Dickinson Co.

N P Bushels per Acre % P

 – – – – – – 46 0.22
Knife – – – 51 0.21
Broadcast – – – 44 0.23
Knife Knife 64 0.27
Knife Broadcast 53 0.22
Broadcast Knife 56 0.23
Broadcast Broadcast 53 0.23
LSD (.05) 6 0.01

1/ N applied as UAN, P as 10 – 34 – 0.
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Table    39.

Montana data have indicated strong positive responses to deep
placement (dual) applications of N–P. Water use efficiency

has improved with deep placement. Spring wheat.

N P2O5 N – P Application Cropping Soil Test
Year ———lb/A—— Separate* Dual System P

----------yield, bu/A---------- -----
1979 73 40 17 23 fallow Very Low
1979 73 40 12 16 1st recrop Very Low
1979 73 40 9 15 2nd recrop Very Low
1980 50 20 12 13 1st recrop Low

Mechanical
1980 50 20 9 6 1st recrop Low

Chemical
1980 50 20 30 32 1st recrop Low

Mechanical

*Separate implies NH
3
 pre–plant, P with seed. Dual, both N and P pre–plant,

simultaneous application.

Harold Houlton, Northern Ag. Res. Center, Montana State Univ. , Havre, Montana.

D.  Complimentary Nutrient Interactions with Nitrogen

The nitrogen management techniques used to increase nitrogen retention in soils
and improve nitrogen-use efficiency in plants should include uses of other
nutrients to enhance effectiveness of soil-applied nitrogen.   Commonly available
fertilizer materials combined with nitrogen fertilizers can help insure crop re-
sponses to nitrogen applications.

Two types of mechanisms have been shown to reduce ammonia volatilization;
hydrogen ion donors, and added cations; a third mechanism works indirectly by
preventing urea hydrolysis (limiting the formation of the unstable, intermediate
breakdown product of urea; ammonium carbonate  (NH4)2CO3) (see  figure  5 ,
p.  16).

Hydrogen Ion Donors:  Combining urea, urea solutions, UAN solutions, and
certain ammoniacal-N fertilizers with other fertilizer sources that provide hydro-
gen ions (H+) upon breakdown has been proven effective in reducing ammonia
volatilization.  The mechanism involved is a dual effect of reducing surface soil
pH (helping stabilize ammonium carbonate  (NH4)2CO3) from urea hydrolysis),
and inhibiting urease activity (helping stabilize urea) (79).  Urea phosphate (UP)
and/or urea sulfuric (US) fertilizer formulations are effective hydrogen ion donors
and significantly reduce ammonia volatilization.  Several studies have shown UP
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reduces ammonia volatilization by an average of 64% (79).  Independent work
using UP/US formulations (i.e., 6-20-0; 6-20-0-2S; 6-20-0-4S; 6-20-0-10S) has
shown similar success in reducing ammonia volatilization (22).

Some work has shown ammonium polyphosphate (i.e., 10-34-0) and monoam-
monium phosphate (i.e., 11-52-0/11-55-0) to have hydrogen ion donor proper-
ties, but results from using these materials as ammonia volatilization inhibitors
have been inconsistent overall (78, 79).

Added Cations:  Added cations were first demonstrated to reduce ammonia
volatilization in 1951 (79).  The cations involved are hydrogen (H+), calcium
(Ca2+), magnesium (Mg 2+), and potassium (K+).  The benefits of H+ ions have
been discussed in the hydrogen ion donor section.

Ca2+ reduction of ammonia volatilization has been well documented (19, 79).  A
combination of factors is involved:  reduced surface soil pH by Ca2+ additions;
inhibition of urea hydrolysis; and reaction of Ca2+ with ammonium carbonate
[(NH4)2CO3): formed from urea hydrolysis] to form insoluble calcium carbonate
(CaCO3), reducing N-loss via free ammonia (HN+

3) and/or ammonium hydroxide
(NH4OH) (see figure 15).  Additionally, Ca2+ additions have been shown to
stimulate ammonium-N (NH+4) and potassium (K+) uptake into plant roots (19),
especially benefitting cereal grain, corn and potato production.

K+ additions to urea and UAN solutions have also demonstrated reductions in
ammonia volatilization.  Work done in Maryland using a blend of 1:1.33 urea:  KCl
by weight kept ammonia volatilization losses down to 4.5%, and yields 15% more
corn over the urea alone (Table 40) (78).

Table 40.

Improved Urea Fertilizer Efficiency by Addition of Other
Nutrient Sources--University of Maryland

Ratios of Nutrients N Loss as NH3
Material - N: K2O: P205 - - % -

Urea 1 : 0 : 0 42.0
Urea, KCl 1 : 1.33 : 0 4.5

Data in Table 42 studies work done in Georgia investigating free ammonia loss
from urea-ammonium nutraite (UAN) 30% solution, and results indicate UAN:KCl
solution ratios of 2:1 (shown in the table as 16:8) the most effective in significantly
lowering ree ammonia loss (32).  Loading up the UAN solution with an overabun-
dance of chloride sources (KCl + Mg Cl2 + CaCl2) gave the best overall reduction
in free ammonia loss, but is not a common formulation in the field.  Inclusion of
ATS (ammonium thiosulfate:  12-0-0-26S) did not positively affect free ammonia
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loss in this study, probably due to the relatively low concentration of ATS (16:1,
UAN:ATS).

Table 41.

Improved Urea Fertilizer Efficiency by Addition of Other Nutrient
Sources--University of Georgia

Ratios of Nutrients N Loss as NH3

Material - N : K2O : Ca : Mg : S - - % -

Urea 1 : 0 : 0 : 0 : 0 48
UAN 1 : 0 : 0 : 0 : 0 20
UAN, KCl 1 : 1 : 0 : 0 : 0 17
UAN, KCl, CaCl2, MgCl2 16 : 8 : 32 : 1 : 0 1
UAN, KCl, ATS 16 : 8 : 0 : 0 : 1 4
UAN, ATS 16 : 0 : 0 : 0 : 1 17

Commonly available fertilizer sources supplying additional cations for ammonia
volatilization suppression are calcium chloride (CaCl2), magnesium chloride
(MgCl2), and potassium chloride (KCl: 0-0-60/0-0-62).  Additionally, the chloride
ion (Cl-) attached to these fertilizer cation sources also helps stabilize the
ammonium carbonate (NH4)2CO3) product of urea hydrolysis, by forming ammo-
nium chloride (NH4Cl) instead, a more stable compound (79).  Figure 15
illustrates the mechanisms involved with cation and chloride suppression of
ammonia volatilization utilizing various chloride fertilizer sources.

fig. 15. Chloride Fertilizer Sources Effect on Reducing Ammonia
Volatilization Losses from Urea Fertilizers

+  H+ (displaced
off of soil by
K+, Mg++ or Ca++)
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Urease Inhibitors:  Ammonia volatilization losses from urea-N sources can be
reduced indirectly by use of urease inhibitors.  Soil urease enzyme activity rapidly
converts urea-N sources to an unstable, intermediate breakdown product,
ammonium carbonate (NH4)2CO3); stabilization of urea by urease inhibitors
prevents potential N losses from urea via volatilization of either ammonium
carbonate or ammonium hydroxide (NH4OH) (see figure 14).

Ammonium thiosulfate (ATS:  12-0-0-26S) has been investigated in several
studies for use as a urease inhibitor (36, 37, 38, 39).  These studies have
demonstrated ATS:UAN solution formulations of 1-5% ATS:UAN mixtures (v/v)
reducing ammonia volatilization losses by as much as 47%.  At ATS concentra-
tions of > 10% in UAN solutions, the ATS itself may experience ammonia
volatilization (due to ATS being slightly alkaline to begin with).  However, addition
of ammonium polyphosphate (APP:  10-34-0) at 10-20% by volume to the ATS/
UAN formulation acted as a weak hydrogen ion donor, sufficiently buffering the
alkalinity induced at the higher ATS concentrations and, therefore, improving the
urease inhibition/ammonia volatilization reduction propertieis of the original ATS/
UAN formulation.  The best ATS-APP-UAN formulation was demonstrated to be
2% ATS + 10-20% APP + 78-88% UAN (v/v) applied as a surface dribble band.
Another thiosulfate compound has been developed as well, formulated as
potassium thiosulfate (KTS: 0-0-25-17S), it possesses the same urease inhibitor
characteristics as ATS.

Independent work using another fluid N-S formulation ammonium bisulfite
(Ambisul: 9-0-0-17S) has also demonstrated similar urease inhibition ammonia
volatilization reduction properties as compared to ATS (22).  Higher rates of
Ambisul in UAN (>10% by volume) are possible without the risk of increasing
ammonia volatilization as with high ATS concentrations because Ambisul is a
strongly acidic (pH 5.1) hydrogen ion donor, eliminating the need for the
additional buffering quality of APP in Ambisul/UAN formulations for ammonia
volatilization reduction.

The other positive interaction effects of nitrogen-sulfur combinations can be
shown to benefit plant protein  manufacture metabolisms as well as yields (Table
42) (42).

Table    42.

Percent of Total N taken Up By Wheat Forage

Treatment N N and S
---------------------------- %-----------------------

Protein – N 26.0 70.2
Amino Acids – N 28.0 14.6
Nitrate – N 10.7 5.3
Other Nonprotein 35.3 9.9
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Nitrogen-sulfur fertilizer combinations have been demonstrated to be particularly
effective on wheat grown on sandy loam and silt loam soils in Kansas (55).
Nitrogen-sulfur applications were split equally between fall and spring and
showed that sulfur helped maximize wheat yield at the optimum nitrogen rates.
Similar work on wheat from Washington State is shown in Figure 19, where sulfur
additions helped nitrogen-use efficiency and yields at optimum nitrogen rates
(42).

Phenylphosphordiamidate (PPD) has been demonstrated to be an effective
urease inhibitor, inhibiting urea hydrolysis (and ammonia volatilization potential)
by an average of 72% (79).  However, several studies have failed to achieve
consistent yield advantages from PPD use on crops ranging from corn, rice, and
wheat (79).

Recent development of a urease inhibitor compound NBPT (N-(n-butyl) thio-
phosphoric triamide) has shown to be very effective urease inhibitor in work on
corn, wheat and turfgrass (46) (54) (80).  Yield responses have been more
consistent than those using PPD.  Figure 16 shows use of NBPT has enabled
yields equivalent to the maximum nitrogen rate using less nitrogen per acre (46).

Attaining adequate responses to nitrogen-sulfur fertilizer  formulations depend
on split-applications of nitrogen sulfur ratios of 7-10:1 (N:S).

fig.    19.          Sulfur Increases N–Use Efficiency on Wheat
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fig. 15.

Corn Yields for 1989 Experiments with Multiple N Rates1/

1/Results from 21 corn trials.

Being an efficient urease inhibitor (and consequently reducing ammonia volati-
zation), NBPT can reduce the need for urea containing fertilizers to be incorpo-
rated.  Work at Purdue, shown in Figure 17, shows that NBPT increased corn
grown yields by an average of 15 bu/acre applied across all rates of urea, and by
10 bu/A when applied with UAN solution.  Application of NBPT with surface
broadcast UAN resulted in nearly identical yields to knifed UAN.

fig. 17.

Effect of Urea Source, NBPT and Placement on Corn Yield1/(43)

1/Mengel. Purdue

Winter and spring wheat also have seen significant response from NBPT
application.  Figure 18 shows the effect of NBPT applied with urea to winter
wheat, where optimum grain yields were obtained using significantly lower
nitrogen rates utilizing NBPT.
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fig. 18.

Effect of NBPT Applied with Urea to Winter Wheat - Study 2-19891/(43)

1/Mahler.  Univ. of Idaho.

NBPT has also been demonstrated to reduce ammonia phytotoxicity of UAN
solutions placed near crop seeds (80).  Work done in Kansas on corn has shown
that additions of NBPT to UAN solution allowed the rate of nitrogen that could be
applied with the seed to be doubled without risk of reducing emergence or early
growth of corn (80).

Slow Release Nitrogen Materials:  A variety of slow-release-nitrogen (SRN)
materials are currently available that are highly effective in reducing ammonia
volatization losses by as much as 90% (1).  Formulation of SRN materials
involves coating of urea granules (i.e., sulfur-coated urea, Osmocote®1/, Polyole-
fin-coated urea) or a chemical combination with urea, or urea solutions (i.e. urea
formaldehyde, isobutylidene diurea, Formalene®2/.  The coatings or chemically
combined slow release materials degrade over a period of time after soil
application, the length of degradation being governed by the thickness of the
coating, soil temperature, moisture, and degree of soil acidity.  As in the case of
polyolefin-coated urea (a combination of polyolefin-type risen, EVA copolymer,
and polyvinyledene chloride resin), cumulative nitrogen release reached 80% at
about 126 days after application (30).  By varying the degree of thickness of the
polyolefin coating, the rate of cumulative nitrogen release can be increased or
decreased depending on crop need or number of nitrogen applications needed
(30).  Cost of most of the SRN materials has prohibited general use on most row
crops, and use has generally been limited for use on rice, turfgrasses, and
horticultural ornamental crops.  Recent work involving the polyolefin-coated urea
materials may open up broader uses of this SRN to row crops

1/ Osmocote®: developed by Archer Daniels Midland Company (Minneapolis, Minnesota) and
marketed by Sierra Chemical Company (Milpitas, California).

 2/Formalene®:  marketed by Ashland Chemical Company (Dublin, Ohio).
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Balanced fertility inputs have been demonstrated to significantly increase nitro-
gen efficiency for crop use as well as improve soil nitrogen budgets.  The end
results have been increased yields, and a decrease in unused nitrogen, whether
from soil or fertilizer sources.  Tables 43 and 44 show wheat data from Kansas
and corn data from Illinois, respectively, which demonstrate the importance of an
adequate and balanced fertility program on nitrogen-use efficiency (74).

Table    43.

Effect of Balancing Nitrogen with P2O5 on Wheat
Yields and Nutrient Efficiency in Kansas

N Balance Sheet*
Fertilizer P2O5 N Soil (-):

N P2O5 Yield Efficiency Efficiency Unused (+)
———lb/A——— bu/A bu/lb bu/lb lb/A

100 0 27 — 0.27 +49
100 32 64 2.0 0.64 -20

*lb. of N applied per acre was less than (-), or more than (+), uptake in aboveground portion of crop.

Calculations use 1.8 lb/bu N taken up by wheat.

Table    44.

The Effect of Balancing Nutrients on Corn Yields
and Nutrient Efficiency in Illinois

N Balance Sheet*
Fertilizer Rate P2O5 N Soil (-):

N P2O5 K2O Yield Efficiency Efficiency Unused (+)

—————lb/A—-——— bu/A bu/lb bu/lb lb/A

0 60 90 41 0.68 — —
180 60 0 96 1.60 0.53 +55
180 0 90 111 — 0.62 +36
180 60 90 143 2.38 0.79 - 6

*lb. of N applied per acre was less than (-), or more than (+), uptake in aboveground portion of crop.

Calculations use 1.3 lb/bu N taken up by corn.

The benefits of balancing other controllable inputs for better nitrogen-use effi-
ciency are shown in table 45 (74).
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Table    45.
The Effects of Several Production Inputs on

Corn Yield and Fertilizer Efficiency from Various Locations
N Balance Sheet*

Production Efficiency Soil (-):
Factor Yield P

2
O

5
N Unused (+) State

bu/A —--—bu/lb—---— lb/A
Rotation:

continuous 105 2.10 0.88 + 14 North
rotation 120 2.40 0.96 - 6 Carolina

Irrigation:
without 127 1.02 0.51 + 85 New
with 214 1.71 0.86 - 28 Jersey

Planting Date:
late May 132 1.32 0.66 + 28
early May 163 1.63 0.86 - 12 Indiana

Hybrid:
bottom 5 149 0.99 0.60 + 106
top 5 250 1.67 0.83 - 25 Florida

Population:
low (12,000) 155 1.44 0.52 + 39
high (36,000) 231 2.14 0.96 - 60 Florida

Compaction:
compacted 123 2.46 0.62 + 33
not compacted 167 3.34 0.84 - 17 Indiana

pH x P:
low pH, low P 90 — 0.60 + 33
best pH, high P 138 197 0.92 - 29 Wisconsin

P Placement (low)
No P

2
O

5
143 — 0.64 + 39

35 lb. P
2
O

5
159 4.54 0.71 + 18

70 lb. P
2
O

5
165 2.36 0.73 + 11 Wisconsin

*lb. of N applied per acre was less than (-), or more than (+), uptake in aboveground portion of crop.

Calculations use 1.3 lb/bu N taken up by corn.

The importance of integrating other fertilizer nutrients with nitrogen into a
balanced fertility program along with other production inputs was summarized
very well in a report from FAO (74):  “Fertilizer efficiency can be reduced by as
much as 10 to 50% by improper management of other cultural practices.  Only
the whole gamut of established agronomic skills will insure the highest effective-
ness of fertilizer.”

E. Nitrification Inhibitors

Nitrification inhibitors are organic chemicals and/or fertilizer materials that slow
down the rate of nitrification (conversion of ammonium-N to nitrate-N) by
inhibiting the activity of Nitrosomonas bacteria (see fig. 20).
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fig. 20. Nitrification Process

Nitrogen movement and loss potential in soils can be greatly reduced by delaying
nitrification, because less ammoniacal fertilizers, manures and organic nitrogen
sources convert as rapidly to nitrate-N, which is subject to potentially large
leaching and/or denitrification losses.  The benefits of nitrification inhibitors as a
part of an effective nitrogen management program have significant potential
merit for crop production and the environment as well.

Currently, a variety of nitrification inhibitor products and formulations are avail-
able .  Nitrapyrin (product name, N-Serve) is the most commonly used nitrification
inhibitor for agricultural crops, and is compatible with anhydrous ammonia (24
formulation), fluid nitrogen sources (24E formulation), and urea granules (via 24E
impregnation).  Various formulations and product names using dicyandiamide
(DCD) are in use, some containing as much as 66% nitrogen also.  Commonly
available urea reaction products include isobutylineurea (IBDU) and ureaformal-
dehyde (Ureaform) however, their use has been for turf grass almost exclusively.
Sulfur coated urea is also commonly available, but use is restricted to turf grass
due to high cost of the material.  Some investigators have found chloride (Cl)
inhibits nitrification under some conditions (12, 51).  Commonly available chloride
sources include potassium chloride (KCI: 0-0-60/62), magnesium chloride
(MgCl2), and calcium chloride (CaCl2).

Review of work evaluating commonly used nitrification inhibitors on agricultural
crops follows:

a.) Nitrapyrin (N-Serve): considerable work has been done evaluating the
performance of nitrapyrin on affecting nitrogen retention in soils and crop
yields (3, 12, 59, 64, 70).  Independent research work done in North Central
Iowa on Clarion-Nicollett Webster clay loam soil is shown in Tables 46 and 47,
and fig. 21. (13).  Table 46 and fig. 21 show significant corn yield advantages
and lower grain harvest moisture, respectively, favoring the stabilized nitro-
gen (N-Serve) treatments, especially at the lower nitrogen rates.  Nitrogen
source used was urea-ammonium nitrate 28% solution, spring applied,
preplant incorporated.  Table 47 reflects soil analysis data taken from this
study and indicates significant amount of nitrate-N and total-N (ammonium-
N + nitrate-N) remaining in  the profile for the N-Serve treatments as
compared to the untreated nitrogen rate plots.  The effectiveness of N-Serve
in positively affecting grain yields by aiding soil retention of nitrogen is clearly
shown in this study.
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Table    46.          The Influence of Nitrogen and Stabilized
                          Nitrogen on Corn Yield at Humboldt, Iowa

N – Rate / A 1982 1983 1984
Yield Yield Yield

Difference Difference Difference

0 118.6 42.0 69.2
80 Regular N 131.4 80.0 105.2

+19.8 +12.6 +12.5
80 Stabilized N 151.2 92.6 117.7

120 Regular N 148.6 95.9 114.4
+ 9.0 +16.3 +12.1

120 Stabilized N 164.7 105.6 123.7

N – Rate / A 1985 1986 5-Year
Yield Yield Average

Difference Difference Difference

0 86.5 65.4 76.3
80 Regular N 113.1 139.6 113.8

+10.7 +37.7 +18.7
80 Stabilized N 123.8 177.3 132.5

120 Regular N 121.3 179.4 131.9
+ 9.0 +16.3 +12.1

120 Stabilized N 130.3 195.7 144.0

fig    21. Influence of Nitrogen and Stabilized Nitrogen on
Grain Harvest Moisture at Humboldt, Iowa
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Table    47.

Influence of Nitrogen and Stabilized Nitrogen on Residual
Soil Nitrogen Levels at Humboldt, Iowa

N – Rate Residual Soil Nitrogen

-------lbs / A ------- NH4
+-N NO3

--N Total
ppm

0 3.6 5.9 9.5
80 7.2 5.5 12.7
80 + N – Serve 3.2 6.0 9.2
120 3.2 6.0 9.2
120 + N – Serve 6.8 34.2 41.0
LSD .01 NS 19.8 – – –

Nitrapyrin also shows promise for use on corn grown on sandy soils,
especially when low to medium nitrogen rates are used with either single or
split applications (Table 48) (59).

Table    48.

Corn Yields as Influenced by N Rate, Time of Application,
and Nitrification Inhibitor Treatment on a Coarse–Textured Soil

------------------N rate (lb / A) 1/--------------------
N treatment 0 60 120 180
240

----------------------- Yield (Bu / A)------------------

Preplant
No inhibitor 59 89 105 136

170
Inhibitor 119 150 169

181

Split Application 2/

No Inhibitor 117 167 191 191
Inhibitor 127 181 191 190

Malzer, 1979

1/ As urea
2/ Split = 1/6 preplant, 1/6 – 12 to 18" plant height, 1/2 – 30 to 36" plant height, and 1/6 –
tasseling.
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Use of nitrapyrin has added extra flexibility to the nitrogen management
picture in small grains, where potential additions of nitrogen applications
without the initial use of an inhibitor are difficult to work around without some
risks of crop mechanical damage or increased crop disease incidence.
Indiana data on winter wheat where fall applied anhydrous ammonia and N-
Serve were used showed an average percent yield increase of over 14% on
15 out of 24 trials from 1973-1982 (64).

Significant work done in Ohio studied long term nitrate leaching losses from
monolith lysimeters as influenced by nitrapyrin (70).  The six-year study
showed average annual nitrogen loss of 143 pounds per acre, or 48% of the
nitrogen applied, from the untreated (no nitrapyrin) lysimeter.  The two
lysimeters treated with nitrapyrin averaged 104 pounds per acre nitrogen
loss, or 35% of the nitrogen applied.  The nitrapyrin treated lysimeters showed
27% less nitrate leaching loss overall.

b.)  Dicyandiamide (DCD):  This nitrogen fertilizer additive is non-volatile, and
can  be added to 28, 30, or 32% UAN solutions, or co-granulated with urea.
Use with fluid manure applications has also been successful.  Yield increases
of  five to 25% have been demonstrated on corn, sorghum, rice, wheat, cotton
and potatoes in thirteen university studies (23).

c.)  Chloride fertilizer sources acting as nitrification inhibitors:

Work done at Oregon State University indicates chloride effectiveness for
nitrification inhibition is limited to soils with pH’s less than 6.0 (9).  Perhaps
more importantly, chloride has lessened the severity of take-all root rot in
winter wheat and stalk rot in corn, by allowing more selective root uptake of
ammonium-N over nitrate-N which improves overall plant utilization of nitro-
gen for protein manufacture (51).

d.)  Initial work done by Goos investigating ammonium thiosulfate (ATS) as
a nitrification inhibitor showed promising results (36, 37, 38).  However,
further investigation by Goos shows ATS to be more effective as a urease
inhibitor, and separate studies have also concluded use of ATS may not be
suitable for use as a nitrification inhibitor (52).

Generally speaking, use of nitrification inhibitors can be justified where soil
types and climate pose high risks to nitrogen retention in soils.  All coarse
textured soils fall into this classification (C.E.C.’s less than 10), as well as
medium and fine textured soils where fall or early spring nitrogen applications
are made.  Single, low rate nitrogen applications on all soil types have been
shown to be more effective with the use of nitrification inhibitors (13, 76).
Where high yield wheat, corn, or grain sorghum is a goal, later season
nitrogen availability from a combination of split applied nitrogen and inhibitor
is a key factor in helping attain high yield outputs.  On soils that tend to be



64

poorly drained, use of a nitrification inhibitor can be very effective in reducing
denitrification losses of nitrogen.  Use of nitrification inhibitors adds extra
flexibility to any nitrogen application option and on a variety of crops, providing
an added measure of cost effective nitrogen insurance from crop production
and environmental standpoints.

F.  Ammonium nutrition:  The  crop growth benefit of an integrated nitrogen
management approach.

The various nitrogen management options that have been discussed in this
section are all related to maximizing the nitrogen fertilizer retention in soils,
thereby increasing plant nitrogen-use efficiency.  Fertilizer nitrogen from urea or
other ammoniacal-N sources should be managed to remain in their respective
nitrogen forms for as long as possible, and/or be applied to coincide with high-
use or critical periods of crop demand.

The benefits of favoring urea and/or ammoniacal forms of nitrogen in the soil have
been discussed in detail elsewhere in the discussion, which are summarized as
follows:

a.)  Less nitrogen-loss potential from leaching and denitrification.

b.)  Increased soil phosphorus availability due to less phosphorus tie-up associ-
ated with calcium, magnesium, iron, aluminum and soil and organic matter
fractions.

c.)  Increase  in  root  surface  absorption  of  phosphate  anions  (HPO4
= and

H2PO4
-) due to slightly acidic root surface pH associated with ammonium ion

(NH4
+) uptake.

Maintaining greater ammonium concentrations through more efficient nitrogen
applications benefits plant growth as well as favoring better soil retention of
nitrogen and improving phosphate availability and uptake.  Greater concentra-
tions of ammonium ions have benefited cereal grains, corn, grain sorghum and
cotton, especially during early periods of growth.

A key factor in promoting good early growth is having soil nutrients in forms that
are readily available for uptake and easily metabolized for plant needs.  Ammo-
nium nitrogen fits these earlier growth needs much better than nitrate nitrogen.
Looking at nitrogen conversion to protein in Figure 22, nitrate, while easily taken
up by young plants, must first be converted to ammonium to be utilized in protein
manufacture.
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fig.    22. Nitrogen Metabolism Pathway (60)

Figure 22 outlines the steps involved converting nitrate to ammonium. Key
factors in powering this reaction are light ( producing NADPH2), energy stored in
carbohydrate reserves and adequate supplies of the enzyme nitrate reductase.

The key factors just mentioned can point out why too much nitrate and not enough
ammonium nitrogen can be detrimental to early plant growth.  Too much early
nitrate uptake would force a drawdown on the small amount of carbohydrate
energy reserve to power the nitrate to ammonium conversion, leaving less
energy available for photosynthesis and other growth processes such as root and
shoot development.

The enzyme, nitrate reductase, has to be free and in sufficient quantities to allow
the reaction to continue.  Excess nitrate molecules will tie-up large amounts of
nitrate reductase.  Young plants do not have large amounts of nitrate reductase,
nor do they have the capacity to manufacture the enzyme fast enough to facilitate
a nitrate dominated uptake.

Research has indicated where nitrate dominates the young plant’s diet, the entire
protein manufacturing metabolism shuts down due to lack of nitrate reductase
enzymes (67).

Figure 23 helps illustrate the importance of balanced ammonium and nitrate plant
consumption on protein leaf content in corn, with a distinct advantage apparent
where the ammonium-N source (ammonium sulfate) was used with the inhibitor
nitrapyrin (N-Serve).

fig.    23.          Effect of Ammonium Nitrogen on Leaf Total Nitrogen
Concentration in Corn Plant Based on Field Observation (3)
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Where nitrate is solely utilized in protein manufacture, internal plant pH in-
creases, creating an adverse climate internally for other plant metabolic proc-
esses, notably carbohydrate manufacture and photosynthesis (67).  A slow-
down in carbohydrate conversion to sugar created by a nitrate dominated uptake
can lead to potential occurrence and susceptibility of corn to stalk and root rot (48,
67).  The problem of “the lazy plant” syndrome, where photosynthate builds up
in leaves and slows down photosynthesis rates can be alleviated by insuring a
better balance of uptake between ammonium-N and nitrate-N forms (49).  Table
49 summarizes the importance of balanced nitrogen nutrition in corn from work
done at Purdue (87).  Three different corn hybrid types, based on their genetic
ability to respond to nitrogen, were field grown and subjected to varying
proportions of ammonium-N and nitrate-N.  The best yields across all three hybrid
types were where ammonium-N was managed to be at least in equal proportion
to nitrate-N (50/50) in plant uptake.

Table 49.

Effect of N Source on Corn Hybrid Yields

--------------------------------Nitrogen-------------------------------

% NH4
+ 0 0 25 50 100

% NO3 0 100 75 50 0

Hybrid Type -------------------------- Grain Yield, Bu / A------------------------

High Fertility 123 151 175 187 175

Intermediate 118 147 155 167 159

Low Fertility 122 137 145 154 153

N Rate – 200 Pounds + 1 Quart N – Serve / A
Adapted From Tsai, Et Al., 1982

Disease research on wheat also cites excess nitrate uptake leads to increased
incidence of Take-All root rot (12, 51).  Factors decreasing the magnitude of the
disease were maintenance of at least three times as much ammonium-nitrogen
as nitrate-nitrogen in the soil, which leads to a better balanced nitrogen uptake,
more favorable soil pH surrounding the roots, and a reduction in uptake of nitrate-
N by chloride.  Chloride was shown to be highly effective in helping to prevent
Take-All root rot in wheat, as well as showing positive responses in yield,
particularly where good nitrogen management is utilized (Tables 50 and 51) (12,
25).
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Table 50.

Take–all Severity Index and Grain Yield as Influenced
by Soil pH and Spring N Source

Soil Spring N Take–all index Grain
pH source 11 weeks * yield

Bu / A

5.5 (NH4)2SO4 3.48 52

5.5 NH4Cl 3.16 69

6.6 (NH4)2SO4 3.72 57

6.6 NH4Cl 3.68 54
LSD ( p = 0.05) 0.16 7
* Weighted mean take–all severity class.

Table 51.

Influence of Applied N on Wheat Yield Response to KCl
in South Dakota

85S 3/

Applied --- KCl, lbs / A-- --- ------------- KCl response---------------------
N 1/ 0 120 85S 3/ 84N 3/ 84S 3/ Average
lbs / A ----------------------------------------------- Bu / A--------------------------------------
0 58.3 67.9 9.5 6.1 6.7 7.5
120 68.2 74.8 6.6 2.9 5.5 5.0
240 67.1 69.6 2.5 2.0 – – – – – –
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Soil NO3 – N, lbs / A – 2' 53 50 57
Yield Max. Bu / A 75 77 45
N Recommended 2/ 127 135 51

1/ Broadcast as ammonium nitrate and incorporated with a field cultivator along
with the KCl immediately prior to seeding.
2/ 2.4 X Yield – Soil NO3N.
3/ Plot number.

Table 52 summarizes additional work on wheat where enhanced ammonium
nutrition (EAN) have shown promising results.  Studies include work done by
B. R. Bock, National Fertilizer and Environmental Research Center (NFERC),
Muscle Shoals, Alabama; J. J. Camberto, Clemson University, South Caro-
lina; F.E. Below, University of Illinois; and W. L Pan and R. T. Koenig, Wash-
ington State University.
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Table 52.

Wheat Cultivars and Associated Grain Yield Increases
With EAN† in Recent Studies1/

Reference Cultivar Grain Yield Increase2/

with EAN, %

Greenhouse Solution Culture Studies:
Heberer and Below (1989)

Study 1 Inbar 78
Study 2 Len 28

Below and Heberer (1990) Marshall 37
Below, unpublished data Caldwell 34

IL 82-3298 33
Pioneer 2555 50

Mean 43
Greenhouse Studies with Soil as Growth Medium:

Bock (1987)
Study 1 Len 47
Study 2 Len 19

Camberato and Bock (1990)
Study A Len 19
Study B Len, Marshall,

Coteau 7
Bock, unpublished data* Len 15

Mean 21

Field Study:
Koenig and Pan, Len 54
unpublished data, 1991

†EAN:  Enhanced Ammonium Nutrition.
1/Solutions.  March/April, 1992. p. 43-44
2/Yield increases were calculated as follows:  [plateau grain yield (PGY) with EAN-PGY with
NO3)/PGY with NO3] x 100.

The influence of ammonium nitrogen on the soil-plant system is clearly beneficial.
With soil nitrogen remaining the ammonium ion form as long as possible, nitrogen
losses due to leaching and denitrification are minimized, and phosphorus is more
available in the soil solution phase at the root surface.  Within the plant,
ammonium ions influence good early growth by enhancing protein manufacture
and allowing other plant functions to occur more easily.  Disease incidence is
lowered through high concentrations of ammonium ions in early plant nutrition.
Good management of nitrogen applications to soil-plant systems can influence
the ammonium nitrogen-nitrate nitrogen balance of uptake to coincide with plant
needs(7, 67, 87).
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G. Corn Hybrid Response and Nitrogen Management

Research data has demonstrated significant differences in corn hybrid yield poten-
tials (13, 68, 87).  Earlier work done at Akron, Iowa, demonstrates the effect of
genotype selection on equally treated corn hybrids (Table 53) (13).

Table    53.

Effect of Genotype Selection on Equally Treated Corn Hybrid Yields

Genotype Cross Yield
Mo17 X  A619 153
Mo17 X  B73 179
B14A  X  A619 149
B14A  X  B73 183

Recent research at Purdue University and from USDA-ARS at Colorado State
University has been successful in explaining important relationships causing differ-
ential corn hybrid response to fertility inputs.  A key factor in the research has proven
to be a much greater ability to utilize nitrogen and respond to fertilizer nitrogen in
some hybrids compared to others.

Ten years of laboratory and field research by Tsai at Purdue University has led to
classifying corn hybrids into three different categories based on genetic ability to
respond to nitrogen (68).  These categories are low, intermediate and high fertility.
Characteristics of the low and high fertility classifications are summarized as follows
(49):

PROFILE OF LOW FERTILITY HYBRIDS

Take up N early in the season

95% of final N taken up by mid-silking

Lower yield potential

Limited yield response to higher N rates

Max yields at 120 lbs. N/A

Yield increased by increasing plant populations

CURRENT STATUS OF LOW FERTILITY HYBRIDS

Widely grown
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Shorter season hybrids

Dependable

Good yield potential by current standards
- Produce 140-160 bu/A under good management
- Produce 180-190 bu/A under high population, high yield management in northern
corn belt

PROFILE OF HIGH FERTILITY HYBRIDS

Take up N all season long

65% of Final N taken up by mid–silking

Longer duration of grain fill

Higher yield potential

Respond to higher rates of N

Yield increased by increasing N rates and increasing plant populations

Top yielders in high yield production trials
- yields greater than 200 bu/A
- N rates of 250 lb/A or greater

Hybrids which seed corn people recommend as those that respond to high yield
management

Hybrids that tend to fire early under average fertility programs

Hybrids which tend to lodge under average fertility programs

Probably within the flex-ear category

Generally have upright leaves

CURRENT STATUS OF HIGH FERTILITY HYBRIDS

Approximately 50% of current hybrids believed to be in this category

No concentrated identification effort to date
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Figure 24 summarizes Tsai's categorization of corn hybrid response to nitrogen, as
did Table 47 in the previous section (87).

fig. 24.
Grain Yield of Representative High-Fertility

Intermediate-Fertility and Low-Fertility Hybrids

(Adopted from Tsai, 1982.)

Other work investigating differential corn hybrid response has been done by Olsen
at USDA-ARS and Colorado State University.  Several related studies here have
identified differential hybrid response to nitrogen, and also identified differences
among hybrid root patterns, allowing for differential hybrid uptake of water and
nutrients (68).  In field experiments where corn followed four years of alfalfa, one
hybrid produced 46 bushels per acre more than a second hybrid, and after three
years of continuous corn this difference in yield was about the same.  Upon addition
of nitrogen fertilizer, however, the yield difference disappeared.  Two other hybrids
were introduced into this study the third year following alfalfa with added nitrogen
fertilizer and the two added hybrids produced higher yields.  A two-way interaction
was demonstrated:  differential hybrid response x low and high available nitrogen
levels.  Tables 54 and 55 summarize Olsen’s work investigating differential corn
hybrid responses.
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Table    54.

Varietal Differences in Corn Yields Following Alfalfa
and Nitrogen Fertilizer

----------Yield (bu/acre----------
N treatment

Variety (lbs/acre) 1983 1984 1985

Pioneer 3186 None 146 133.4 63.0
Funks G 4673A None 192 163.1 104.0
O’s Gold 2579 None — — 129.9
Dekalb 656 None — — 139.3
Pioneer 3186 200 197 212.6 197.1
Funks G 4673A 200 210 210.1 206.9
O’s Gold 2570 200 — — 228.4
Dekalb 656 200 — — 213.7

LSD (0.05) 20.8 15.2 15.3

Table    55.

Corn Ear Leaf Micronutrient Composition as Related to Varieties,
N Level, and Plant Population  - Rocky Ford, 1983

--------Micronutrients (ppm)--------
N treatment Plant population

Variety (lbs N/acre) (ears/acre)  Cu  Mn       Zn

Pioneer 3186 All All 10.9 99.4 36.7

Funks G 4673A 12.6* 128.0* 49.2*

Pioneer 3186 All 27453 11.2* 100.5 37.4

32661 10.5 98.2 36.0

Funks G 4673A All 27140 13.3* 133.3* 53.0*

32064 12.0 122.8 45.5

All 0 All 10.0 103.9 36.5

100 12.1 111.8 44.3

200 12.2 116.2 43.4

200 + N-Serve 12.4 117.8 46.8

100-100 + N-Serve 12.2 118.8 43.9

LSD (0.05) 0.6 5.9 5.2

*Significant difference, 5% level
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Both Tsai’s and Olsen’s work have demonstrated the importance of choosing hybrids
and nitrogen management practices to fit individual field or farm locations.  Hybrid
selection and nitrogen fertilizer inputs should be based on a realistic yield goal.  For
yield goals of 90 to 130 bushels, low fertility hybrids would be genetically more
suitable to recover low rates of nitrogen early in the growing season.  Yield goals of
140-160 bushels can be met equally as well by low, intermediate or high fertility
hybrids, providing proper crop and soil management is utilized.  For high yield corn
production (180 bushels+), hybrid selection and fertilizer management are critical.
The higher yield potential hybrids tend to be classified into the high fertility hybrid
classifications, and should have accompanying nitrogen fertilizer inputs to insure
adequate nitrogen availability in July and August.  Figure 25 illustrates the relation-
ship between nitrogen loss potential, and hybrid classification of nitrogen need
during the growing season (15).

fig. 25. Relationship Between Nitrogen-Loss Potential and Hybrid
Classification of Nitrogen Need During the Growing Season

Recent development of a new plant nitrogen status monitoring device, a chlorophyll
meter, has also shown positive evidence of differential hybrid utilization and
response to nitrogen (28).  In studies conducted by USDA-ARS and the University
of Nebraska, Lincoln, ten different hybrids were evaluated for their response to
nitrogen and resulting chlorophyll content; some hybrids reached near maximum
leaf nitrgoen concentrations and chlorophyll meter readings at the 60 lbs. of N per
acre rate, while other hybrids required nearly 180 lbs. of N per acre to attain maximum
chlorophyll meter readings (28).

Not all studies, however, fully agree with the concept of a corn hybrid x nitrogen
response interaction (17, 44, 82).  Valid arguments cite difficulties in properly
intrepreting corn hybrid x nitrogen interaction studies due to variations in environ-
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ment ( location, year, and/or location x year effects) and/or attempting to compare
across all corn maturity classes (90-day corn response vs. 120-day corn response).
Not all corn hybrid companies can demonstrate differential response to nitrogen
within their own respective breeding lines and maturity classifications.  However,
significant differences in nitrogen response and yield among different corn hybrids
have long been demonstrated.

Undoubtedly, selection of corn hybrids will primarily contiue to be made on the basis
of yield, maturity, standability, drydown characteristics and pest resistance.  How-
ever, recognizing the important role nitrogen management has in those corn hybrid
selection criterion, and that not all corn hybrids utilize nitrogen in the same manner,
dictates that proper nitrogen management and corn hybrid selection do need to be
integrated for efficient nitrogen application and corn performance (7, 15, 16, 87).
Finding out the best approach to the corn hybrid x nitrogen response interaction
probably should be a combination of consulting with various corn hybrid represen-
tatives, local research results and personal experience.

SUMMARY

Effective nitrogen management requires sufficient knowledge on the behavior of
nitrogen in the soil, coupled with techniques geared toward managing different
nitrogen fertilizer sources to attain the best possible nitrogen retention in the soil so
that crop uptake demands for nitrogen are efficiently met.  These requirements are
essential for a viable crop production economy and safeguarding environmental
standards, which are important to everyone.

Nitrogen Management Guidelines

• Adequate analytical tests
i) soil
ii) plant tissue/petiole
iii) manures

• Proper yield planning
i) yield goal x nitrogen rate
ii) plant population
iii) nitrogen credits from previous crops

• Timing of nitrogen applications

• Specific placement of nitrogen fertilizer

• Complimentary nutrient interactions with nitrogen

• Nitrification inhibitors

• Differential corn hybrid response to nitrogen
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