
Project Title: Finding alternatives to ammonium nitrate as a nitrogen source for tall fescue pastures 
 
Investigator: Robert L. Kallenbach 
 
Objectives and relevance of project: Ammonium nitrate production is expected to be phased out as 
it is security issue for the fertilizer industry and economics favor other N sources. Many farmers in 
Missouri have already turned to urea as a source of N for forage production. However, when urea is 
applied to pastures, losses of N to volatilization can exceed 50%. Farmers are looking for a reliable 
and inexpensive source of N for pastures. The most promising solutions are to use a non-volatizing N 
source such as ammonium sulfate or to treat urea fertilizer with a volatilization inhibitor. These 
products might alleviate concerns from farmers and the fertilizer industry, but little research has been 
done to examine the efficacy of these products for fertilizing pastures in Missouri. 
 
The overall objective is to develop research-based recommendations that help industry personnel 
and farmers determine the best source of N fertilizer for tall fescue pastures. Specific objectives are: 
 
Objective 1: Determine the optimum source of nitrogen for both spring (typically for hay) and late-
summer (stockpiling) N applications to tall fescue pastures. 
 
Objective 2: Determine the optimum rate and use efficiency for each source of N tested. 
 
Procedures:  
Treatments: Two experiments are proposed: 1) four different sources of N and four application rates of 
N for spring fertilization and 2) the same for a late-summer application for stockpiling (Table 1). The 
sources of N are urea, urea coated with a volatilization inhibitor, ammonium sulfate, and ammonium 
nitrate. The rates (0, 50, 100, 150 and 300 lb. of N per acre) were selected to give a full response 
curve, so that optimal N fertilization rates can be established for each source. 
 
Table 1. Nitrogen fertilization treatments for both spring and late-summer application to tall fescue pasture. 
 

Treatment # Fertilizer Source Rate applied (lb/ac of N) 
1 Urea 50 
2 Urea 100 
3 Urea 150 
4 Urea 300 
5 Urea with a volatilization inhibitor 50 
6 Urea with a volatilization inhibitor 100 
7 Urea with a volatilization inhibitor 150 
8 Urea with a volatilization inhibitor 300 
9 Ammonium nitrate 50 

10 Ammonium nitrate 100 
11 Ammonium nitrate 150 
12 Ammonium nitrate 300 
13 Ammonium sulfate 50 
14 Ammonium sulfate 100 
15 Ammonium sulfate 150 
16 Ammonium sulfate 300 
17 Unfertilized Control 0 
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Cultural practices: This study will be conducted on an established tall fescue pasture at the Forage 
Systems Research Center near Linneus, MO and the Southwest Missouri Research and Education 
Center near Mt. Vernon, MO. Soil P and K will be maintained at levels recommended by the 
University of Missouri Soil Testing Laboratory. Spring fertilizer will be applied in mid-March, while 
the late summer applications will be made in mid-August. 
 
Design: Each treatment in both experiments will be replicated five times in a randomized complete 
block design. Individual plots will be 10 ft. x 35 ft. 
 
Measurements: 
Forage yield: For the spring applications, forage yield will be measured on a typical hay making 
schedule with yields recorded in late May and again in late July. For the late-summer applications 
(stockpiled forage), yield will be measured in mid-December. Forage yield will be determined by 
clipping a 4-ft. x 25-ft. strip in each plot using a Hege sickle bar harvester. 
 
Forage quality {crude protein, acid detergent fiber (ADF), and neutral detergent fiber (NDF)} will be 
measured at the same time as forage yield for both experiments. Samples will be dried at 122° F in a 
forced-air oven before being ground to pass a 1-mm screen. Crude protein, ADF and NDF will be 
measured using near infrared reflectance spectroscopy. 
 
Total soil nitrogen to a depth of 40 in. will be determined prior to application of N and just after the 
final forage harvest each year for both experiments. Samples will be split into three sections: 0-10 in, 
10-20 in. and 20-40 in. 
 
Current Status/importance of research area:  
Tall fescue grows on more than 12 million acres and provides forage for more than 4 million beef 
cattle in Missouri. Tall fescue-based pastures cover more acres of farmland in Missouri than any other 
crop. It is a popular forage with beef producers because it persists well on infertile, poorly drained, 
sloped, and/or unmanaged pastures. 
 
About one-half of all tall fescue acres receive some nitrogen fertilizer in spring. Most of these 
applications are made in March or early April. Another time in which tall fescue acres are fertilized 
with nitrogen is in late-summer for stockpiling. Stockpiling tall fescue allows producers to extend the 
grazing season into winter and thereby cut winter feeding costs up to 70%. 

 
In past years, ammonium nitrate and urea have been the most popular sources of N for spring and 
late-summer fertilization. Ammonium nitrate is widely considered the “safest” source of N for forage 
production, particularly for late-summer applications, as the N in ammonium nitrate is much less 
likely to be lost to volatilization than is urea. However, ammonium nitrate has become a homeland 
security issue for the fertilizer industry, because it can be used as an explosive (Anon., 2004). 
Additionally, few new ammonium nitrate plants have been constructed in the United States over the 
last 20 years, and given the current economic and security climate, domestic production is likely to 
decline over the next 10 to 20 years. These factors are making ammonium nitrate more expensive 
than other N sources. 

 
Given the pricing structure and potential problems with ammonium nitrate, urea is quickly becoming 
the most widely used N source for forage production. This is due to urea’s wider availability and lower 
cost per N unit when compared to ammonium nitrate. In fact, in many rural parts of Missouri the 
only source of N available for pastures is urea. While urea is a common source of N fertilizer for 
spring applications, its use for fertilization of pastures is problematic due to excessive nitrogen 
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volatilization. Up to 40% of the N applied to pastures as urea can be lost due to volatilization if 
rainfall does not occur within 48 hours of an application (Lightner et al., 1990). 
 
Some old and new technologies might help alleviate these problems. The most promising solutions 
are to use a non-volatilizing N source such as ammonium sulfate or to treat urea fertilizer with a 
volatilization inhibitor. The current pricing structure of ammonium sulfate makes it attractive while 
new chemistries in volatilization inhibitors may make urea less likely to be lost when applied to 
pastures. While these products might alleviate problems for the fertilizer industry, little research has 
been done to examine the efficacy of these products for fertilizing pastures in Missouri. 
 
Timetable for proposed research: These studies will begin in March 2005 and end in December 
2007 (three years of study). The table below gives a brief summary of the project's activities. 
(* indicates a task to be done on an annual basis throughout the three-year study) 
 

Take soil core samples to a 40-inch depth for initial soil nitrogen determinations for 
spring application. 3/10/2005 
Apply four sources of N fertilizer at rates of 0, 50, 100, 150 or 300 lb./acre to appropriate 
plots for spring application experiment 3/10/2005* 
Harvest plots for forage yield and retain subsamples for forage quality analysis from 
spring fertilized plots. Take soil cores from each plot to determine residual soil N after 
July harvest. 

5/20/2005 and 
7/15/2005*  

Take soil core samples to a 40-inch depth for initial soil nitrogen determinations for late-
summer N application. 8/15/2005* 
Apply four sources of N fertilizer at rates of 0, 50, 100, 150 or 300 lb./acre to appropriate 
plots for late-summer application experiment 8/15/2005* 
Harvest plots for forage yield and retain subsamples for forage quality analysis from 
late-summer fertilized plots. Take soil cores from each plot to determine residual soil N. 12/15/2005*  
Analyze latest results & report findings to Fertilizer/Ag Lime Advisory Council 12/15/05* 
Incorporate latest findings into soil testing reports, grazing school curriculum and 
educational workshops. Work with popular press on articles 8/2008 
Prepare updated MU guide on fertilization of pastures with different N sources 9/2008 
Prepare and submit an article on this research to a peer-reviewed journal 10/2008 
 
Application/transfer of knowledge: We will transfer our results in four ways. First, we will 
incorporate the results and recommendations from this study into the curriculum of the Missouri 
Grazing Schools. Second, we will work with the Soil Fertility Working Group and the MU Soil 
Testing Laboratory to refine the recommendations printed on soil testing results. Third, we will 
publish a guidesheet on N fertilization of pastures in Missouri that incorporates the findings from this 
research. Finally, we will prepare articles to be published in statewide and national magazines such as 
Missouri Ruralist, Graze, Stockman Grass Farmer and scientific (peer-reviewed) journals. 
 
References: 
Anon. 2004. Ammonia nitrate legislation introduced. Doane’s AgProfessional Weekly. Available 

online at http://www.agprofessional.com/apweekly.php?id=27797#ammonia  
Lightner, J.W., D.B. Mengel, and C.L. Rhykerd. 1990. Ammonia volatilization from nitrogen fertilizer 

surface applied to orchardgrass sod. Soil Sci. Soc. Am. J. 54:1478-1482.  
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Budget: 
 
Year 1 
 Salary and Benefits 
 Research Specialist (25% of $37,000)      $  9,250 
 Benefits for Research Specialist       $  2,891 
 Student labor for grinding, etc       $  1,000 
 Benefits for student labor        $     100 
 Total Salary and Benefits        $13,241 
 
 Operating Expenses 
 Fertilizer, bags, repair parts for harvester and other field supplies   $  1,000 

NIR charges for forage quality (255 samples @ $10 each)    $  2,550 
 Soil N analysis (510 samples @ $8 each)      $  4,080 

Travel to FSRC and SWC (mileage, lodging, and meals)    $  1,700 
 Total Operating Expenses        $  9,330 

 
  

Total Proposal Request for Year #1    $22,571 
 
 
 
 
Year 2 
 Salary and Benefits 
 Research Specialist (25% of $38,850)      $  9,713 
 Benefits for Research Specialist       $  3,059 

Student labor for grinding, etc       $  1,000 
 Benefits for student labor        $     100 
 Total Salary and Benefits        $13,872 
 
 Operating Expenses 
 Fertilizer, bags, repair parts for harvester and other field supplies   $  1,000 

NIR charges for forage quality (255 samples @ $10 each)    $  2,550 
 Soil N analysis (510 samples @ $8 each)      $  4,080 

Travel to FSRC and SWC (mileage, lodging, and meals)    $  1,700 
 Total Operating Expenses        $  9,330 
 

 
  
Total Proposal Request for Year #2    $23,202 
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Year 3 
 Salary and Benefits 
 Research Specialist (25% of $40,793)      $10,198 
 Benefits for Research Specialist       $  3,212 

Student labor for grinding, etc       $  1,000 
 Benefits for student labor        $     100 
 Total Salary and Benefits        $14,510 
 
 Operating Expenses 
 Fertilizer, bags, repair parts for harvester and other field supplies   $  1,000 

NIR charges for forage quality (255 samples @ $10 each)    $  2,550 
 Soil N analysis (510 samples @ $8 each)      $  4,080 

Travel to FSRC and SWC (mileage, lodging, and meals)    $  1,700 
 Total Operating Expenses        $  9,330 

 
  
Total Proposal Request for Year #3    $23,840 
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Robert L. Kallenbach 
 
Associate Professor and State Extension Specialist  Phone (573) 882-2801 
Plant Sciences Unit – 210 Waters Hall Fax (573) 882-1467 
University of Missouri  email: kallenbachr@missouri.edu 
Columbia, MO 65211 
 
Education: 
Ph.D., Agronomy, with an emphasis in statistics. 1994. Texas Tech University, Lubbock TX. 
M.S., Agronomy. 1992. University of Missouri-Columbia, Columbia, MO. 
B.S., Agronomy. 1989. Southwest Missouri State University, Springfield, MO. 
 
Professional Employment and Experience (Since 1994): 
Associate Professor/State Extension Specialist – Forage Crops. University of Missouri – Columbia. 

(60% Extension – 25% Research – 15% Service). Sep. 2004 to present. 
Assistant Professor/State Extension Specialist – Forage Crops. University of Missouri – Columbia. 

(60% Extension – 25% Research – 15% Service). Jan. 1998 to Sep. 2004. 
Field Crops Advisor. University of California - Cooperative Extension. Oct. 1994 to Dec. 1997. 

Professional Service, Honors and Awards (Since 2001): 
2004: Young Crop Scientist award presented by the Crop Science Society of America (International 

award given to one scientist under 37 years of age annually). 
2004: Gamma Delta Sigma Outstanding Extension Specialist Award. 
2004: J.W. Burch Outstanding Extension Specialist Award. 
2002 to Present: Editor, Crop Management. Crop Science Society of America Journal. 
2002: Merit Award for outstanding contributions to forage science presented by the American Forage 

and Grassland Council. 
2002: Certificate of Excellence for new extension publications, American Society of Agronomy. 
2001: Provost's Award for Creative Extension Programming by New Faculty. 

Membership in Professional Societies: 
American Society of Agronomy, 1990 to present 
Crop Science Society of America, 1990 to present  
American Forage and Grassland Council, 1990 to present 
Missouri Forage and Grassland Council, 1998 to present 
Gamma Sigma Delta Honor Society of Agriculture, initiated in 1988 

 
Research Publications: 
Refereed Journal Articles 22 
Book Chapters 2 
Proceedings and Abstracts 72 
 
Extension Education (Since 1998): 
Extension Manuals and Guides 22 
Workshops and Short Courses taught 67 
Extension education meetings and classes taught 205 
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Selected Publications 
 

Refereed Journal Articles (Since 2002): 
Wen, L., J.E. Williams, R.L. Kallenbach, C.A. Roberts, P.R. Beuselinck, and R.L. McGraw. 2004. 

Cattle preferentially select birdsfoot trefoil from mixtures of tall fescue and birdsfoot trefoil. 
Online. Forage and Grazinglands doi:10.1094/FG-2004-0924-01-RS. (30% contribution). 

Roberts, C.A., H.R. Benedict, N.S. Hill, R.L. Kallenbach, and G.E. Rottinghaus. 2004. 
Determination of ergot alkaloid content in\yu tall fescue by near-infrared spectroscopy. Crop 
Sci. In Press. 

Lock, T. R., R.L. Kallenbach, D.G. Blevins, T.M. Reinbott, G.J. Bishop-Hurley, R.J. Crawford, 
Jr., M.D. Massie, and J.W. Tyler. 2004. Phosphorus fertilization of tall fescue pastures may 
protect beef cows from hypomagnesaemia and improve gain of nursing calves. Online. Forage 
and Grazinglands doi:10.1094/FG-2004-0608-01-RS. 

Kallenbach, R.L., G.J. Bishop-Hurley, M.D. Massie, M.S. Kerley, and C.A. Roberts. 2003. 
Stockpiled annual ryegrass for winter forage in the lower Midwestern USA. Crop Sci. 43:1414-
1419. 

Kallenbach, R.L., G.J. Bishop-Hurley, M.D. Massie, G.E. Rottinghaus, and C.P. West. 2003. 
Herbage mass, nutritive value, and ergovaline concentration of stockpiled tall fescue. Crop Sci. 
43:1001-1005. 

Wen, L., C.A. Roberts, J.E. Williams, R.L. Kallenbach, P.R. Beuselinck, and R.L. McGraw. 2003. 
Condensed tannin concentration of rhizomatous and non-rhizomatous birdsfoot trefoil in 
grazed mixtures and monocultures. Crop Sci. 43:302-306. 

Kallenbach, R.L., C.J. Nelson, and J.H. Coutts. 2002. Yield, quality, and persistence of grazing- 
and hay-type alfalfa under three harvest frequencies. Agron. J. 94:1094-1103. 

C. M. Taliaferro, J. A. Anderson, W. L. Richardson, J. L. Baker, S. W. Coleman, W. A. Phillips, L. 
J. Sandage, J. L. Moyer, T. L. Hansen, R.L. Kallenbach, and R. J. Crawford. 2002. 
Registration of ‘Midland 99’ forage bermudagrass. Crop Sci. 42:2212-2213. 

Roberts, C.A., R.L. Kallenbach, and N.S. Hill. 2002. Harvest and storage method affects ergot 
alkaloid concentration in tall fescue. Online. Crop Management doi:10.1094/CM-2002-0917-
01-BR.. 

Lock, T.R., R.L. Kallenbach, D.G. Blevins, T.M. Reinbott, G.J. Bishop-Hurley, R.J. Crawford, 
and M.D. Massie. 2002. Adequate soil phosphorus decreases the grass tetany potential of tall 
fescue pasture. Online. Crop Management doi:10.1094/CM-2002-0809-01-RS. 

 
Book Chapters: 
Casler, M.D. and R.L. Kallenbach. 2004. Cool-season grasses for humid areas. R.F Barnes, C.J. 

Nelson, K.J. Moore and M. Collins (ed.) In Forages Vol II: The science of grassland 
agriculture, 6th ed. Iowa State University Press, Ames, IA. In Press  

Cherney, J.H. and R.L. Kallenbach. 2004. Forage systems for the temperate humid zone. R.F 
Barnes, C.J. Nelson, K.J. Moore and M. Collins (ed.) In Forages Vol II: The science of 
grassland agriculture, 6th ed. Iowa State University Press, Ames, IA. . In Press  


