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Nitrogen Fertilizer Sources, their Potential Losses and Management Tips
Bill Raun and Hailin Zhang 

Department of Plant and Soil Sciences

Farmers are always concerned about getting the biggest bang for their dollar when it comes to fertilizer, especially today as fertilizer N prices hover near $0.40 per pound.  Nitrogen use efficiency (NUE) for wheat and corn production today seldom exceeds 40%, and the worldwide average is right at 33%.  This means that for every 1 pound of N applied, 67% of that pound is lost via denitrification, volatilization, plant N loss, and/or leaching.  A 20% increase in nitrogen use efficiency worldwide for cereal production would be worth more than 10 billion dollars (2006).  As a result, all work focused on improving NUE is incredibly important.  This factsheet will discuss the major sources of N fertilizers available in Oklahoma and the amount sold; properties of major N sources and helpful hints and facts associated with the different N sources to improve NUE. 
Fertilizer Sources


Figure 1 shows the major sources of N fertilizers available in Oklahoma and the amount sold from 1977 to 2005. Anhydrous ammonia used to account for the largest sales in N fertilizer, but this has recently been surpassed by urea and UAN.  Ammonium nitrate is becoming less available in many areas due to increased security issues.
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Figure 1. Tonnage of major N fertilizers (AA: anhydrous ammonia, AN: ammonium nitrate, UAN: urea ammonium nitrate solution, DAP: diammonium phosphate) sold in Oklahoma, 1975-2005.

Research at the Lahoma, OK experiment station conducted from 1971 to 2004 has shown little differences in long-term wheat grain yields between anhydrous ammonia, urea, ammonium nitrate, and sulfur coated urea.  A trend for lower yields with anhydrous ammonia and sulfur coated urea at the high N rates has been observed but differences have generally been small (Figure 2).  Because of the dangers associated with anhydrous ammonia application, this work shows that surface incorporation of urea is a viable alternative, even though the cost per pound of N is greater.
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Figure 2. Response of wheat grain yield (bu/ac) to sources and rates of nitrogen for data averaged over 34 years (1971-2004) at Lahoma, OK. Within each N rate, bars followed by the same letter were not different from each other at level of significance of 0.05.

Although AA resulted lower yields than those of UR or AN, the relative profit of pre-plant applied N has the following trend: anhydrous ammonia > Urea > ammonium nitrate. Urea showed a significant difference in net benefit when split applied four times (pre-plant, Sep.16, Jan.1 and Feb. 15) and split between pre-plant and on Feb.15 (i.e. 2-split) compared with ammonium nitrate (Figure 3). 
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Figure 3. Net benefit ($/ac) of different sources and application times of fertilizer nitrogen for data averaged over 33 years at an N rate of 60 lb/ac at Lahoma, OK. The calculation of net benefit assumed a wheat price of $3/bu and actual N prices in 2005, and $3/acre for each split application. 
Properties of Nitrogen Fertilizers
[image: image1.wmf] 

OKLAHOMA COOPERATIVE

 

      EXTENSION SERVICE

 

PRODUCTION TECHNOLOGY

 

PT 2006

-

5

 

 

 

June

 2006

 

 

Anhydrous ammonia (AA) is a gas and is transported and handled as a liquid under pressure.  It has the highest N analysis and is the cheapest of all N fertilizer sources.  Specialized equipment is required to handle it. It is injected into the soil at least 4 inches beneath the surface to prevent serious loss through volatilization. Anhydrous ammonia is rather difficult to handle since it is a gas when not under pressure.  This source can be problematic when knifed into moist and/or slightly sandy soils where the knife openings do not close and NH3 escapes into the air without being absorbed by the soil.  Figure 4 illustrates the relationship between ammonia loss and soil moisture at different depths. Fall applied anhydrous ammonia (in corn) is not recommended (even when using a nitrification inhibitor) since over winter N losses via leaching can be significant.  High soil pH increase N volatilization significantly.

Figure 4.  Relationship of ammonia loss and soil moisture at the time of application using different depths of placement
Urea is the most popular N source utilized in the world today.  Its high N analysis (46%) and safety in both use and transportation, combined with limited equipment needs have contributed to its global preference.  The use of urea in Oklahoma has surpassed anhydrous ammonia in recent years. Urea is an organic N fertilizer. When it is applied to the soil, the hydrolysis of urea to ammonia is catalyzed by an enzyme called urease. Urease is produced by soil microorganisms and is present virtually everywhere. However, when applied to the surface of no-till soils, high pH soils (Table 1), and without incorporation on hot and windy days (Table 2), ammonia losses can be significant (up to 50% of the total N applied can be lost).  Thus, there are several recommendations associated with its use.  It must either be incorporated, or applied on cool, non-windy days, and it should not be applied to the surface of high pH soils.  If urea is to be applied to the surface of no-till soils or high pH soils, it should be watered in if at all possible.  If these rules are adhered to, urea is an incredibly affordable, and safe N source for virtually all types of production. Nitrogen loss from urea can be reduced if urea is coated or if a urease inhibitor is properly used.  However, urease inhibitors (several on the market) are currently cost prohibitive for grain production.

Table 1. Percent of surface-added urea volatilized as ammonia at various soil pH levels and days on the surface.
	
	Soil pH 

	Days 
	5.0 
	5.5 
	6.0 
	6.5 
	7.0 
	7.5 

	
	(% of added N volatilized) 

	0 
	0 
	0 
	0 
	0 
	0 
	0 

	2 
	0 
	0 
	0 
	0 
	1 
	5 

	4 
	1 
	2 
	5 
	10 
	18 
	20 

	6 
	4 
	5 
	7 
	11 
	23 
	30 

	8 
	8 
	9 
	12 
	18 
	30 
	33 

	10 
	8 
	10 
	13 
	22 
	40 
	44 


Data from SSSP 24, pages 87-90, 1960. Urea added on silt loam soil at 100 lb. N.
Table 2. Percent of surface-added urea volatilized as ammonia at different temperatures and days on the surface.

	
	Temperature (F) 

	Days 
	45 degrees 
	60 degrees 
	75 degrees 
	90 degrees 

	
	(% of added N volatilized) 

	0 
	0 
	0 
	0 
	0 

	2 
	0 
	0 
	1 
	2 

	4 
	2 
	2 
	4 
	5 

	6 
	5 
	6 
	7 
	10 

	8 
	5 
	7 
	12 
	19 

	10 
	6 
	10 
	14 
	20 


Data abstracted from curves in SSSP 24, pages 87-90, 1960. Urea was added on a silt loam soil at 100 lbs N.

Ammonium sulfate is primarily a byproduct of the nylon industry, and it is no longer produced solely as a fertilizer source.  It has little or no surface volatilization losses when applied to most soils, and it provides a good source of sulfur where needed.  It is however, the most acidifying of all the N fertilizer sources, and thus, its application on acid soils should be avoided.  This fertilizer source is not commonly available in Oklahoma. 

Ammonium nitrate (AN) is 34% N with half of the N in nitrate form and the other half in ammonium form. If ammonium nitrate is applied on the surface, less ammonia is lost to volatilization than urea. However, the loss by nitrate leaching is more likely than urea. It is no longer a popular fertilizer N source, largely because of its lower N analysis versus urea, and because it has been used inappropriately in recent years as an explosive.  It is important to note that ammonium nitrate has always been used as an explosive, especially with road construction.  Ammonium nitrate should not be applied to the surface of water logged soils, as would also be the case for urea.

Sulfur coated urea (SCU) is primarily sold in the turf and ornamental market and it is a slow-release nitrogen fertilizer that ranges in N content (19-37%) and that has a sulfur cover around each granule.  Variable thicknesses of sulfur around the granule control the rate of nitrogen release, which increases with temperature. Watering does not affect its release rate. Applying sulfur-coated urea to the surface of soils releases nitrogen more slowly than if incorporated into the soil. 

Urea ammonium nitrate (UAN) is the most popular liquid form of fertilizer sold today.  It is made up of 1 part ammonium nitrate, 1 part urea, and 1 part water.  The urea portion of this fertilizer is subject to the same losses noted for urea above, and the same recommendations made for urea follow this source.  Foliar applications of UAN in wheat are highly recommended since NUE’s are increased via foliar N absorption.  However, if UAN is applied on days where temperatures exceed 70F, severe leaf burn can be encountered, in addition to the ammonia N volatilization losses that significantly reduce efficiency.  When applied in the winter on days where temperatures are below 70F, and followed by rainfall, this is an incredibly good N source for wheat.  Foliar N applications as UAN are viable for corn, but rates cannot exceed 30 lbs N/ac without seriously damaging corn leaves.

Diammonium phosphate (DAP) is actually sold as a primary phosphorus source.  However it does contain 18% N, thus it is a significant carrier of nitrogen.  There are few restrictions associated with its use, but when applied as a P source, it is preferable that this source be banded, or placed with the seed.  However, it is precisely this issue that raises concern since less than 10 and 30 (corn and wheat, respectively) lbs of salt (N + K2O) should be applied with the seed.  Rates higher than this applied with the seed can reduce germination and/or significantly delay emergence which in turn decreases production.  

General Management Tips to Minimize N Losses
Applying the entire amount of budgeted fertilizer N preplant (prior to or at planting) in corn, wheat, or any other cereal crop is NOT recommended.  By placing all of the N in the soil at planting (incorporated) or soon thereafter, fertilizer N can potentially be lost via many pathways (volatilization, denitrfication, leaching), all of which are dependent on environmental conditions, and none of which could be predicted ahead of time at planting.  Products like NServe are used with anhydrous ammonia (sold by Dow Chemical Co.) and act as nitrification inhibitors that prevent NH4+ from rapidly oxidizing to NO2- (inhibition of nitrosomonas bacteria) and subsequently NO3-.  These products can improve use efficiency, but many researchers have shown that they are currently not affordable.  Similarly, products like Agrotain can reduce ammonia volatilization losses from urea by inhibiting urease, thus preventing N loss when conditions are hot and dry and urea cannot be incorporated.  This in turn improves use efficiency, but this product and products like it have not proven to be affordable in cereal production.
The easiest and most affordable method of improving fertilizer use efficiency is to apply N when it is needed in split applications.  This sounds really easy, but we recognize that it can be cumbersome since farmers need to avoid excessive application costs.  However, if farmers can afford just 2 applications and apply ½ of the N needed at planting, and ½ of that needed mid-season, fertilizer use efficiency can be increased significantly.  
Most recently, OSU has worked in improving nitrogen use efficiency via 2 venues.  The first is using the hand-held GreenSeeker sensors combined with a preplant applied N Rich Strip.  This technology is completely discussed on the NUE web site (www.nue.okstate.edu) and further delineated within the Sensor Based Nitrogen Rate Calculator (SBNRC) and that now includes N rate recommendations for winter wheat, spring wheat, corn, sorghum, canola, and bermudagrass (http://www.soiltesting.okstate.edu/SBNRC/SBNRC.php).   Getting started using this methodology simply requires that an N Rich Strip is applied preplant in a representative area within each field.  The rest of the field should receive moderate amounts of preplant N so as to allow for mid-season fertilizer N rate adjustments based on GreenSeeker hand-held sensor readings that can be input on the SBNRC web site listed above.  The entire procedure is discussed in detail on the following web site (http://www.nue.okstate.edu/Hand_Held/New_N_Strategy.htm).  
The second is using the automated Ramp Calibration Strip or RCS.  This methodology is very similar to using the Sensor Based N Rate Calculator, but RCS does not require the use of a hand held sensor.  Similarly, this approach is completely discussed at the following site (http://www.nue.okstate.edu/Index_RI.htm).  This approach simply requires that a Ramp Calibration Strip be established preplant on-top of the general farmer practice in a representative area of each field.  The RCS applies increasing levels of N in a strip across a fixed distance (160 to 320) feet.  The rates applied range from 0 at the start of the strip to the maximum that could ever be expected to be used in about 10 lb/acre N increment, and where the range, increments, and maximums depend on the crop in question.  In addition, range, increments and maximum rates can be easily adjusted on the Ramp Calibration Strip applicator.  Mid-season interpretation of the RCS will deliver an N-rate recommendation by visual inspection or with a hand-held sensor by walking the strip from the low rate toward the high rate and stopping at the point where there are no further changes in crop growth or sensor reading.  The N-rate at that spot (where no further changes in sensor reading or growth were noted) is the N-rate recommendation for top dressing.  

Other helpful hints and facts associated with the different N sources available are listed in Table 3.
Table 3. Major N fertilizer sources and tips to minimize losses

______________________________________________________________________________________________________________________




Preferred application
Conditions to avoid
Fertilizer
N-P2O5-K2O%
Liquid/Granular
method





Urea
46-0-0
Granular
incorporated
Temp’s > 70ºF




Surface application on high pH soils





Surface application in no-till





Hot, windy conditions

Ammonium sulfate
21-0-0-24S
Granular
-
Low soil pH (can generate increased acidity)

Ammonium nitrate
34-0-0
Granular
-
Conditions where leaching is likely

Sulfur coated urea
37-0-0-17S
Granular
-
Hot, windy conditions

Urea ammonium nitrate 
28-0-0
Liquid
foliar-wheat
Temp’s > 70ºF 

(UAN)


band-corn
Surface application on high pH soils




foliar-turf (watered in)
Surface application in no-till





Hot, windy conditions

Anhydrous ammonia
82-0-0
Liquid (under pressure)
Injected
Soils that are too wet or too dry where knife openings do not close





Very high pH soils (>8)
Diammonium phosphate
18-46-0
Granular
band with the seed*
broadcast applications in conventional till
________________________________________________________________________________________________________________
Rules of thumb:

↑Ammonia volatilization
high air temp, high soil temp, high soil pH, high wind speed, surface applied, no rain after application
↓Ammonia volatilization
high relative humidity, low air temp, low soil temp, low soil pH, low wind speed, incorporated
Helpful Hints

· *The salt (N + K2O) rate (fertilizer applied with the seed) should not exceed 30 lbs per acre for wheat and 10 lbs per acre for corn

· If you have to apply urea when temperatures are > 70ºF, it should be watered in if possible.   
· Although unreliable, urea fertilization when average temperatures will exceed 70ºF should coincide with expected rainfall events to avoid volatilization losses. 
RESEARH FINDINGS and numbers to be considered:  

Ammonia volatilization is greater when urea is applied to soils covered with residue than bare soils (SSSAJ, 52:1173-1178)

Ammonia N volatilized from urea applied to bare soil approached 27% of the total after 16 days (Commun. Soil Sci. Plant Anal, 23:775-786)
Ammonia N volatilized from urea applied to bare soil approached 20% of the total after 28 days (Agron J. 53:241-244)

Ammonia N volatilized from urea applied to no-till soils exceeded 50% of the total (Agron J. 81:518-524)
More than 40% of urea applied to the surface of soils was volatilized when soil pH exceeded 7.0 (Soil Sci. Soc. Am. Proc. 24:87-90)

Urea is not an efficient N source for surface applications in no-till production (Agron J. 74:823-826)

Ammonia N volatilization losses from urea can be reduced significantly when incorporated with a few centimeters of soil (Soil Sci. Soc. Am. Proc. 31:57-60)
On a sandy loam soil, 51 kg of the 168 kg N/ha applied at planting as granular urea was lost in 120 hours in no-till corn (Soil Sci. Soc. Am. J. 50:1060-1063)
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Oklahoma State University



   PT 2006-5


                                    Vol. 18 No. 5
_1209299449.doc


OKLAHOMA COOPERATIVE







      EXTENSION SERVICE







PRODUCTION TECHNOLOGY







PT 2006-5			June 2006	












