
USER'S GUIDE 

Controls Regulating Biological Nitrogen Fixation in Longleaf Pine 
Ecosystems: the role of Fire and Stand Development 

SERDP Project RC-2328 

AUGUST 2018 

Dr. Nina Wurzburger 
University of Georgia 

Distribution Statement A 



This report was prepared under contract to the Department of Defense Strategic 
Environmental Research and Development Program (SERDP).  The publication of this 
report does not indicate endorsement by the Department of Defense, nor should the 
contents be construed as reflecting the official policy or position of the Department of 
Defense.  Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the Department of Defense. 
 



 

 

Page Intentionally Left Blank 

 



REPORT DOCUMENTATION PAGE

Standard Form 298 (Rev. 8/98) 
Prescribed by ANSI Std. Z39.18

Form Approved 
OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information 
Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other 
provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.   
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1.  REPORT DATE (DD-MM-YYYY) 2.  REPORT TYPE 3.  DATES COVERED (From - To)

4.  TITLE AND SUBTITLE 5a.  CONTRACT NUMBER

5b.  GRANT NUMBER

5c.  PROGRAM ELEMENT NUMBER  

5d.  PROJECT NUMBER

5e.  TASK NUMBER

5f.  WORK UNIT NUMBER

6.  AUTHOR(S)

7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8.  PERFORMING ORGANIZATION 
     REPORT NUMBER

10. SPONSOR/MONITOR'S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT 
      NUMBER(S)

9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

12.  DISTRIBUTION/AVAILABILITY STATEMENT

13.  SUPPLEMENTARY NOTES

14.  ABSTRACT

15.  SUBJECT TERMS

16.  SECURITY CLASSIFICATION OF:

a.  REPORT b. ABSTRACT c. THIS PAGE

17.  LIMITATION OF 
       ABSTRACT

18.  NUMBER
       OF  
       PAGES 

19a.  NAME OF RESPONSIBLE PERSON

19b.  TELEPHONE NUMBER (Include area code)

08/29/2018 SERDP User's Guide

Controls Regulating Biological Nitrogen Fixation in Longleaf Pine 
Ecosystems: the role of Fire and Stand Development

Nina Wurzburger

University of Georgia 
140 E Green Street 
Athens, GA 30606 

RC-2328

Strategic Environmental Research and Development Program  
4800 Mark Center Drive, Suite 16F16 
Alexandria, VA 22350-3605 

W912HQ-13-C-0017

RC-2328

SERDP

RC-2328

Distribution A; unlimited public release

Fire is critical for maintaining the structure and diversity of longleaf pine ecosystems, but it also removes a substantial 
amount of nitrogen, which is essential for plant growth. If longleaf pine depends on frequent fire, how is nitrogen replaced? 
The answer lies in the soil, where a select group of organisms carries out biological nitrogen fixation, the process where 
atmospheric nitrogen gas is converted to a usable form. Longleaf pine ecosystems hold a diverse group of these “nitrogen-
fixers” including bacteria in leaf litter, biological soils crusts and herbaceous legumes that form a symbiotic relationship with 
soil bacteria.

biological nitrogen, nitrogen fixation, nitrogen loss, fire, longleaf pine, Fort Benning, Eglin Air Force Base, asymbiotic 
bacteria, legumes, soil crusts, phosphorus, land management, soil nutrients

UNCLASS UNCLASS UNCLASS UNCLASS 7

Nina Wurzburger

706-542-5109



1 

Forest Manager’s Guide to Nitrogen Fixation in Longleaf Pine Ecosystems 
Dr. Nina Wurzburger 
University of Georgia 

Fire is critical for maintaining the structure and diversity of longleaf pine ecosystems1–3, but it also 
removes a substantial amount of nitrogen4, which is essential for plant growth. If longleaf pine 
depends on frequent fire, how is nitrogen replaced? The answer lies in the soil, where a select 
group of organisms carries out biological nitrogen fixation, the process where atmospheric 
nitrogen gas is converted to a usable form5. 

Longleaf pine ecosystems hold a diverse group of these “nitrogen-fixers” including bacteria in leaf 
litter, biological soils crusts and herbaceous legumes that form a symbiotic relationship with soil 
bacteria (Figure 1). These nitrogen-fixers play an important role because they have the unique 

ability replace the nitrogen lost from fire and other 
disturbances.  

How do nitrogen-fixers differ in their contribution to 
nitrogen fixation? In total, nitrogen fixation introduces 0.1- 
1 kilogram of nitrogen per hectare per year6. Legumes make 
the greatest contribution to this amount, followed by bacteria 
in leaf litter and soil crusts6. Leaf litter and soil crusts are 
most important in younger stands (< 20 years old) of longleaf 
and decline in their importance over stand age. In contrast, 
legumes are relatively consistent in their contribution to 
fixation over stand age. 

What controls fixation by legumes? Legumes do not 
consistently fix nitrogen over time; they can turn the bacterial 
symbiosis on or off depending on their need for nitrogen7,8. 
Because of this, the presence of a legume does not always 
equate to nitrogen fixation. Rather, the presence of root 
nodules – the structures that house nitrogen-fixing bacteria– 
is a diagnostic tool for determining if a plant is fixing 
nitrogen. At Fort Benning, 50% of legume individuals have 
nodules in sandhill sites, but at Eglin Air Force Base only 3% 
have nodules. Three factors help predict whether a legume is 
producing nodules and fixing nitrogen. First is species 
identity. Under controlled conditions, Tephrosia virginiana, 
Mimosa quadrivalvis and Centrosema virginiana tend to fix 
more nitrogen than other species, such as Chamaecrista 
fasciculata, Desmodium floridanum and Lespedeza spp7. 
Second is soil phosphorus. Legumes fix more nitrogen in 

soils that have higher soil phosphorus availability. For example, the difference in legume nitrogen 
fixation between Fort Benning and Eglin Air Force Base sandhill sites is due to differences in soil 

Figure 1 Nitrogen-fixers in longleaf pine 
ecosystems include bacteria in leaf litter, 
soil crusts and herbaceous legumes. 
Photos: Nina Wurzburger and Shialoh 
Wilson. 
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phosphorus6. Third is fire. Legumes fix more nitrogen when they experienced a fire within the last 
year6. All three of these factors affect the growth of legumes and their nitrogen demand, and 
therefore determines now much nitrogen it needs to fix.  

Does nitrogen fixation balances losses of nitrogen from fire? Fire removes a substantial amount 
of nitrogen from the ecosystem (Figure 2), mostly from the combustion of organic matter on the 

forest floor, but also from the combustion of understory vegetation. We estimate that an average 
of 33 and 17 kilograms of nitrogen per hectare per year are lost due to fire in sandhill longleaf 
stands at Fort Benning and Eglin Air Force Base, respectively6. The difference between sites is 
due to a higher fire frequency at Benning. In a stable ecosystem, we expect that nitrogen inputs 
from fixation are enough to balance the losses from fire9. Surprisingly, nitrogen fixation is much 
lower than what is necessary to balance fire nitrogen losses6. Even after accounting for nitrogen 
inputs from atmospheric deposition, there is still more nitrogen leaving the ecosystem than is 
coming in.  

Is the nitrogen imbalance a cause for concern? While the nitrogen budget is imbalanced, only 
0.1% of total ecosystem nitrogen is lost on an annual basis. In addition, the supply of available 
nitrogen (nitrogen mineralization) is very high, especially in young stands6 when compared to 
other temperate forest ecosystems10. This suggests that land-use history (e.g. agriculture, grazing 
or lack of prescribed fire) and mechanized site preparation (e.g., drum chopping) combined with 
chronic nitrogen deposition have led to an excess of nitrogen in longleaf pine ecosystems. In 
support of this idea, nitrogen fertilization did not stimulate longleaf pine growth at Benning or 
Eglin across stands that ranged from 5 to 227 years old. Longleaf pine are adapted to the nitrogen-
poor conditions caused by frequent fire and sandy soils. Rather than fire causing concern for 
removing too much nitrogen, it seems more likely that fire is serving as a “relief valve” to remove 
the excess nitrogen that has accumulated in the ecosystem. If situations arise that lead to nitrogen 
limitation, such as severe fire or physical disturbances due to military training, nitrogen-fixers, and 
especially legumes, have a large potential to replenish this lost nitrogen. 

Figure 2 Longleaf pine stands following prescribed fire. Mature stands at Fort Benning (left) and Eglin Air Force 
Base (right). Photos: Nina Wurzburger and Shialoh Wilson. 
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Questions? Contact Dr. Wurzburger: Odum School of Ecology, University of Georgia, 
ninawurz@uga.edu 
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