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Introduction: Biological nitrogen fixation (BNF) is the process in which atmospheric N is converted into forms of nitrogen that 

plants can take up. BNF can be an important input to agricultural systems and an alternative for mineral fertilizer use to 

minimize environmental impacts. Permaculture farming is a non-conventional agriculture system that forbids chemical impacts 

like the use of fertilizers minimizing environmental pollution. However, without these inputs agricultural yields tend to be lower 

than on conventional farms. Accurately estimating BNF contributions to agricultural systems is important in assessing its 

potential as an alternative to commercial fertilizer use. This study provides an intensive analysis of the role of BNF, and will

contribute to a better understanding of the nitrogen budget at Timbercreek Farm and permaculture systems in general.

Site Description:

The study took place at Timbercreek Farm, a permaculture livestockfarm, located in Albemarle 
County, Virginia (38.1 N, 78.6 W). Timbercreek began its operations in 2011 and utilizes a 

rotational grazing method while keeping the farm pesticide, fertilizer, antibiotic and hormone free.   

The farm is divided into seven distinct fields with fields 1 through 6 defined as pastures and field 7 

as a silvopasture with a mixture of grasses and tree.
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Methods:

Vegetation Survey to determine the legume density

• A vegetation survey, using the point-line transect method, was conducted at Timbercreek 

Farm in August 2015 to estimate the percent coverage of legumes.

• Through GIS, three 50-meter transects were picked randomly in each field by generating         

three random points.

• Every meter, a pencil was dropped right above the knee. The cover type closest to the tip was 

identified as either legume,  grass, or bare. If a legume, the plant was further identified by       

species.

Laboratory analysis to determine N content

• Within each field, three samples of each found legume species were extracted.

• Depending on the species and root depth the sample size ranged from 10x10x5cm to 

10x10x10cm

• The wet and dry weight for each component (foliage, stems, roots, soil and litter) of the           

sample was recorded. 

• The bulk density of the rocks in each sample was also taken in to account.

• The samples were finely ground and analyzed with a mass spectrometer to estimate the         

carbon, nitrogen, and 15N contents in the plant materials and soils.

• The amount of fixed N will be estimated by applying the linear relationships from the Anglade

et al. (2015) study by using N yield (Ny) and dry matter (DM) data.

Equation 1. y = 20.3DM + 2.49 r2= 0.83 

Equation 2. y = 0.81Ny -13.9 r2= 0.94 

Equation 3. y = 25.6DM + 14.0 r2 = 0.65 

Equation 4. y = 0.78Ny + 3.06 r2= 0.94 

• Secondly, natural abundance of 15N in soil and plant material will be used as a proxy for rates 

of N-fixation.

Objectives:

1. BNF Budget at Timbercreek

How much does BNF contribute to nitrogen inputs in a local permaculture farm? 

2. Spatial Variability

What is the spatial variability of this potential of BNF across six pasture fields? 

3. Variability of N content in Soils and Foliage

Do N-fixing legumes increase N in foliage and soils on the farm? 

Preliminary Results:

• The vegetation survey determined the percent coverage and distribution of         

legumes (Fig. 3).

• Of the six fields surveyed, three had relatively low legume coverage of 10-17%   

and the rest had moderate to high coverage of 26-37%.  

• The amount of fixed N (kgN/ha) has only been estimated using shoot DM yield 

(t/ha) and by applying that to the linear relationships developed from Anglade et 

al. (2015) (Equation 1 and Equation 3).

• The method provided an estimate of total legume BNF at Timbercreek to be     

621kgNyr-1 (Fig. 4).

• Leach (2014) determined a similar estimate of total legume BNF at                   

Timbercreek farm to be 700kgNyr-1.
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Figure 3. The percent coverage determined from a vegetation   

survey of six pasture fields at Timbercreek Farm in August 2015.

The diagonal line bars indicate clover, black bars indicate alfalfa,

white bars indicate grass and gray bars indicate bare spots. 

Figure 4. Estimates of total biological nitrogen fixation at    

Timbercreek Farm in 2015 based on the shoot DM yield and

Anglade et al. (2015) linear relationships. 

Figure 1. The property of Timbercreek Farm in Albemarle    

County, Virginia is divided into seven fields with 1-6 defined  

as pastures  and field 7 defined as a silvopasture with a       

mixture of grasses and trees. The yellow dots represent the   

randomly generated transect starting points.

Figure 2. The point-line transect method vegetation survey    

that took place in August 2015 to determine the total percent 

cover of legumes at Timbercreek Farm.

Next Steps:

• Once the samples have been analyzed with a mass spectrometer the total BNF 
at Timbercreek can be estimated using the N yield linear relationships from        
Anglade et al. (2015) and from the natural abundance of 15N.

• The foliage of non-fixing plants adjacent to the legumes was collected in August 
2015 and the soils of non-fixing plants were collected in November 2015. Both  
were also prepared for C, N and 15N analysis.

• These results will be used to compare the %N in legumes and associated soils   
to the remainder of the pasture.
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