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Conclusions	

The study design included 4 treatments (burned, 
grazed, burned and grazed, and control) replicated 4 
times (Fig 1). Prescribed fires were implemented in the 
fall of 2006 and 2016, and grazing occurs annually. 
•  The center of the baseline transects were located 

using a handheld Global Positioning System.   
•  Each plot consisted of 5, 50-m transects that 

crossed a 60-m baseline (Fig. 2). 
•  Measurements were collected from the beginning, 

middle and end of each of the five transects (3 
sampling locations) totaling 15 sampling locations 
per plot. 

•  Soil compaction values were collected by measuring 
soil resistance to penetration, based on the number 
of strikes, with a dynamic cone penetrometer at 4 
depths (See Table 1).  

•  Soil moisture was measured from 0-20 cm with a 
Campbell Scientific Hydrosense II soil moisture 
meter and is expressed as volumetric water content 
in percent.   

Study	Area	

No significant differences were 
identified in the main effect of 
livestock grazing with the seven 
dependent variables (Table 1). 
Likewise, there were no significant 
differences found with the interaction 
between grazing and prescribed fire 
on the dependent variables. 
Significant differences were found 
with the main effect of fire on 
moisture (Fig. 3) and compaction at 
the 0-5cm depth (Fig. 4). Thus, soils 
exposed to prescribed fire had 
significantly less moisture and less 
surface compaction than soils in the 
control sites.  

Our findings suggest that livestock grazing at the current stocking 
rates were not having a detectable effect upon soil penetration 
resistance or moisture. In addition, prescribed fires (in the fall every 
10 years) may help reduce soil compaction in this grassland system.  n=12	

n=65	

We collected soils data on the Zumwalt Prairie Preserve (ZPP) in 
northeast Oregon. This Preserve, which is approximately 13,300 
ha, is owned by The Nature Conservancy (TNC) and represents 
the largest remaining remnant of the Pacific Northwest Bunchgrass 
Prairie. Livestock grazing since TNC purchased the property has 
been primarily cattle with moderate stocking rates. The soils are 
classified as Xerolls (Taylor and Schmalz 2012).  

Soils are a critical resource for sustaining productivity, maintaining ecosystem resilience, and 
preserving overall ecosystem function. Some soil properties (e.g., soil compaction and 
moisture) are dynamic and can be affected by management decisions such as livestock 
grazing and prescribed fire. Unfortunately, in the Pacific Bunchgrass Prairie, our understanding 
of how management decisions impact soil parameters are limited to one study related to 
livestock grazing (Schmalz et al. 2013). 

In this study, we further explore the 
effects of management in the Pacific 
Bunchgrass Prairie on dynamic soil 
properties as they relate to livestock 
grazing, prescribed fire, and their 
potential interaction. Specifically, we 
aimed to determine if prescribed fire 
and/or livestock grazing have more 
influence the dynamic soil properties 
of soil penetration resistance and 
moisture.  
We predicted that soil penetration 
resistance would be higher and soil 
moisture lower within the grazed 
plots. We also expected prescribed 
fire to increase soil penetration 
resistance and decrease moisture. 
Lastly, we anticipated the 
combination of livestock grazing and 
prescribed fire would lead to higher 
soil resistance and lower soil 
moisture than either factor alone. 
 

Fig. 3: Mean (± s.e.) differences in volumetric soil 
moisture content between burned and control plots 
( * P < 0.05).  
  

Dependent Variable	 Grazing Effect	 Fire Effect	 Interaction	
Moisture	 F = 0.26, p = 0.62	 F = 10.58, p = 0.007	 F = 0.99, p = 0.34	
Compaction – 0-5 cm	 F = 0.39, p = 0.54	 F = 9.14, p = 0.01	 F = 0.62, p = 0.45	

Compaction – 5-10 cm	 F = 0.02, p = 0.88	 F = 2.67, p = 0.13	 F < 0.01, p = 0.99	

Compaction – 10-15 cm	 F = 1.15, p = 0.30	 F < 0.01, p = 0.99	 F = 0.08, p = 0.78	

Compaction – 15-20 cm	 F = 0.16, p = 0.70	 F = 1.42, p = 0.26	 F = 0.16, p = 0.70	

Compaction – Total (0-20 cm)	 F = 0.22, p = 0.64	 F = 0.86, p = 0.37	 F = 0.09, p = 0.77	
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Table 1:  Results of two-factor ANOVA for all four sampling depths and a total with four depths combined. Bolded 
values are significant at P < 0.05. 
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Fig . 1: Map displaying plot locations for the Nature 
Conservancy’s Fire/Grazing study established in 2004. Our 
study used all plots except those labeled “GRAZ.” (Map courtesy 
of Heidi Schmalz, TNC) 

Fig. 2: Diagram displaying sampling design for 
each plot.  
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Fig. 4: Mean (± s.e.) differences in soil penetration 
resistance (number of strikes) between burned 
and control plots ( * P < 0.05). 
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