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ABSTRACT 

Riparian buffer zones are important sites of biodiversity, sediment trapping, pollutant 

removal, and hydrologic regulation that have significant implications for both people and 

wildlife. Urbanization’s influence on and need for adequate water quality increases the need for 

careful planning in regards to riparian areas. Wildlife are key components in the ecosystem 

functions of riparian zones and require consideration in peri-urban planning as well. This study 

reviews relevant literature to determine the recommended minimum riparian buffer width for 

maintaining water quality and habitat along Stevens Creek in Lincoln, Nebraska. Only sources 

that listed a specific purpose related to water quality and habitat for their buffer width 

recommendations were considered. The study found that the baseline buffer width recommended 

for Stevens Creek that would be adequate for both water quality maintenance and basic habitat is 

50 ft (15 m) per side. This number may be modified based on other factors such as slope, soil 

particle size, adjacent land use, the presence of certain wildlife communities, stream size, and 

stream order.  
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INTRODUCTION 

The purpose of this thesis is to use a literature review to determine the necessary riparian 

buffer width for maintaining water quality and habitat along Stevens Creek. Riparian zones are 

defined as linear strips of vegetation directly adjacent to bodies of water (Whitaker and 

Montevecchi, 1999). They are important regulators of the flow of organic material, water, 

nutrients, and organisms between and within landscape elements (Vince et al., 2005). Riparian 

zones perform many important ecological and biological functions through the interaction of 

their hydrology, soils, and biotic communities, which have important social benefits as well 

(Klapproth and Johnson, 2009). Continuous, ecologically functioning riparian corridors have 

been found to positively affect water quality and habitat in addition to improving aesthetic 

properties of the landscape (Forman and Godron 1986). The services that riparian zones provide 

are numerous, but this paper will focus on water quality and habitat.  

Degraded water quality poses serious threats to humans and wildlife (Changhua, 1999). 

Riparian buffers improve or maintain water quality by trapping sediment and debris, stabilizing 

stream banks and reducing erosion, and promoting the infiltration of runoff (Palone and Todd, 

1998). There is substantial scientific evidence indicating that riparian buffers are cost-effective 

tools for mitigation of water quality problems, and can be integrated into stormwater 

management in urban areas (Buffler et al., 2005; Palone and Todd, 1998). Riparian forests are 

able to capture, absorb, and store 40 times more rainfall than disturbed soils. Fairfax County, 

Virginia estimated stormwater reduction benefits of $57 million annually from its riparian 

buffers. Riparian wildlife and ecosystems are also affected by water quality, as water quality is a 

primary determinant of the plant and animal species existing in and the ecological interactions of 

riparian systems (Palone and Todd, 1998). Riparian areas provide a sheltered environment for 
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many different species of wildlife to feed, drink, rest, and reproduce, and serve as movement 

corridors between larger habitats (Palone and Todd, 1998).  

The Stevens Creek watershed is located immediately east of Lincoln, Nebraska, and 

drains approximately 55 square miles (142 sq km) to its confluence with Salt Creek (Fig. 1). It 

was selected as the site of this study because of the potential risk to the quality of the creek and 

its adjacent habitat from the significant near-future urban growth and agriculture in the basin 

(Fig. 2)(CDM, 2005).  

The importance of riparian zones for habitat and water quality makes studying the 

conditions required for the provision of these services essential to riparian planning and 

management. It is particularly significant for Stevens Creek because of the expansion of the city 

of Lincoln into the Stevens Creek watershed in the relatively near future. The water quality of 

the creek affects not just people living within the watershed, but all water users downstream as 

well. If habitat is not provided for riparian species or species travelling between larger tracts of 

habitat, the loss or degradation of the riparian zone could result in habitat fragmentation and loss 

of biodiversity. This study may also be used as a model for the planning of other riparian systems 

for water quality and habitat.  

Specific research questions addressed in this paper include 1) what are the minimum 

riparian buffer widths recommended in order to maintain water quality? 2) what are the 

minimum riparian buffer widths recommended in order to preserve adequate riparian habitat for 

various wildlife species guilds? and 3) what characteristics of the surrounding landscape change 

width requirements for water quality and habitat purposes? The study is limited by a lack of 

current water quality data, an inventory of wildlife species and their habitat needs, and the 



5 

 

inherent assumption that water quality and wildlife around Stevens Creek are important to people 

living in Lincoln (Koehler-Cole, 2008). It should also be noted that all buffer widths mentioned 

in this paper refer to buffer width on one side of the stream.  

The first section of this thesis will detail the methods used to collect information, 

followed by a section that details and summarizes the results of the study. The discussion section 

will explore the variability in the results and possible adjustment factors for buffer width. 

Finally, the conclusion section will make recommendations for Stevens Creek and summarize 

the study.  

 

METHODS 

 A literature search of books, peer-reviewed journal articles and publications was 

conducted to determine minimum riparian buffer width recommendations for habitat and water 

quality purposes. The recommendations were then summarized and applied to Stevens Creek as 

the width that would likely protect water quality and habitat based on those recommendations.  

ArcGIS Version 9.0 software was used to visually represent the future land use of the 

watershed. The land use data layer was provided by the City of Lincoln’s Planning Department. 

The land use data layer included the entire county, but was clipped to only include the Stevens 

Creek watershed. This information illustrated potential nonpoint sources of pollutants and 

sediments and the relative scale of impact on water quality of Stevens Creek.  

 

RESULTS 
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Literature Review 

 Water Quality 

 Water temperature is important for aquatic communities and processes. Increasing 

temperature stimulates growth of algae, which remove oxygen that is needed by water-dwelling 

species. The shading of streams by forested riparian buffers decreases the temperature in the 

summer and lessens the temperature reduction in winter. Forested buffers as narrow as 15 ft (5 

m) have been found to provide adequate shade for reducing the temperature extremes of small 

streams (Palone and Todd, 1998).   

 Large amounts of water-soluble nitrates can be intercepted by tree roots when shallow 

groundwater flows through the root zone. Woody plants are particularly effective at nitrogen 

removal through relatively aggressive nitrogen uptake and moisture retention. Leaf litter from 

woody plants also contributes to surface organic matter that increases infiltration. Soils high in 

organic matter remove nitrates through denitrification by bacteria. Studies show that nitrogen 

removal can be 25 to 90% effective in buffers as narrow as 35 ft (11 m) if environmental 

conditions for vegetative uptake, water storage, and denitrification are ideal (Palone and Todd, 

1998).  

 Buffers of 45 ft (14 m) have been found to be effective at reduction of stream 

contamination by pesticides. The use of the term “pesticides” here excludes herbicides, as there 

is a lack of sufficient data on removal of herbicides in runoff and groundwater by riparian 

buffers. Most organic pesticides are subject to the processes of microbial breakdown in the 

surface organic material of riparian zones. Riparian buffers also help protect streams from 

pesticides by shielding them from chemical drift (Palone and Todd, 1998).  
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 Phosphorous is a common water pollutant, but it is not considered separately for this 

study because 90% of phosphorous carried in runoff is attached to soil particles or organic 

matter. While many other pollutants also become adsorbed to soil particles, with phosphorous 

the amount is particularly high. Managing for reduction of sediments transported in runoff, 

therefore, would reduce the phosphorous load to streams (Palone and Todd, 1998). Sediment 

trapping functions of buffers must be considered by soil particle sizes: sand, silt, and clay. 

Research shows that a 10 ft (3 m) buffer is adequate for most sand-sized particles and 50 ft (15 

m) is adequate for silt-sized particles, but smaller clay-sized particles would require a buffer that 

is at least 300 ft (91 m) wide (Wilson, 1967). 

 Wildlife 

 Studies of wildlife can be separated into guilds based on their use of resources (Croonquist and 

Brooks, 1991). This paper considered edge species, aquatic communities, large mammals, bird 

communities, and semi-aquatic reptiles and amphibians.  

Of the guilds evaluated in this paper, edge species have the smallest requirement of 25 ft 

(8m) (Croonquist and Brooks, 1991). Edge species prefer the boundaries between patches or 

habitats of differing qualities, such as a riparian forest and a pasture (Ries and Sisk, 2004).  

Aquatic communities are influenced by riparian forests in a number of ways: through 

effects on food availability, stream flow, light intensity, habitat diversity, and water chemistry. 

These factors are major determinants of the variety and productivity of plants, microorganisms, 

fish, and invertebrates that occur in a given stream. A riparian buffer width of 50 ft (15 m) is 

recommended for the benefit of aquatic communities in small streams (Klapproth and Johnson, 

2001).  
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A study by Croonquist and Brooks (1991), as cited by Klapproth and Johnson (2009), 

found that large mammals require wider buffers of at least 100 ft (30 m). Klapproth and Johnson 

(2009) also found that many studies that have attempted to determine riparian buffer width 

requirements for small mammals have yielded conflicting results, and therefore small mammals 

are not considered in this paper. The use of riparian buffers by small mammals is possibly related 

to vegetation structure and habitat quality (Klapproth and Johnson, 2009). This is also an 

important factor influencing effectiveness of riparian buffers in addition to buffer width, and will 

be discussed in the following section.  

In a study that evaluated bird use of riparian areas in Pennsylvania, Croonquist and 

Brooks (1991) found that a buffer of 82 ft (25 m) provided adequate breeding and dispersal 

opportunities for bird communities, including area-sensitive species (Croonquist and Brooks, 

1991). Birds are also sensitive to habitat vegetation structure. Their needs vary between 

breeding, nesting, and other life stages, and may require a diverse species mix to create structural 

diversity of vegetation for different purposes (Schultz et al., 2004).  

Semlitsch and Bodie (2003) performed an extensive literature review examining 

terrestrial habitat use by many different amphibian and reptile species associated with wetlands. 

This study determined that the minimum buffer width requirement that would account for the 

essential terrestrial life stages of semi-aquatic reptiles was 417 ft (127 m), and 522 ft (159 m) for 

semi-aquatic amphibians. Terrestrial habitats adjacent to wetlands and streams were used by 

amphibians for foraging, overwintering sites, and refuge. The study found that some amphibians 

only moved about 65 to 100 ft (30 m), whereas others moved 3,200 to 5,200 ft (975 to 1585 m). 

However, the authors believe that 522 ft (159 m) is adequate for maintaining amphibian diversity 

in riparian habitats (Semlitsch and Bodie, 2003). 
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Reptiles use terrestrial habitats adjacent to wetlands for basking, hibernating, nesting, and 

burrowing. Again, the distance moved from water in the study varied widely. Some reptile 

species rarely moved more than 100 ft (30 m), whereas others moved 415 to 950 ft (126 to 290 

m) from their home wetlands. Although there is a wide range in movement and wetlands vary 

greatly in characteristics, the data suggests that a single minimum width of 417 ft (127 m) is 

sufficient to encompass the riparian areas that are biologically necessary for all reptilian life 

stages (Semlitsch and Bodie, 2003).  

Table 1. Summary of Findings 

 
Category 

Minimum 
Width 

 
Additional notes 

 
Source 

 ft m   

Water Quality 

Water temperature 15  5 For small streams; forested Palone and Todd, 1998 

Pollutants 

Nitrates 35  11  Palone and Todd, 1998 

Pesticides 45 14  Palone and Todd, 1998 

Sediment  

General 25  8 On slopes <16%; Expand by 
5 ft for each 1% increase in 
slope 

Palone and Todd, 1998 

Sand 10 3  Wilson, 1967 

Silt 50 15  Wilson, 1967 

Clay 300 91  Wilson, 1967 

Wildlife 

Edge Species 25 8  Keller et al., 1993 

Aquatic Communities 50 15 Depends on stream size Klapproth and Johnson, 
2001 

Bird Communities 82 25 Includes area-sensitive 
species 

Croonquist and Brooks, 
1991 

Large Mammals  100 30  Croonquist and Brooks, 
1991 

Semi-aquatic Reptiles 417 127  Semlitsch and Bodie, 2003 

Semi-aquatic 
Amphibians 

522 159  Semlitsch and Bodie, 2003 
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DISCUSSION 

 A buffer that is only wide enough for sand (10 ft; 3 m), water temperature (15 ft; 5 m), 

edge species (25 ft; 8 m), nitrates (35 ft; 11 m), or pesticides (45 ft; 14 m) would be inadequate 

for the sediment trapping function of an area with soil surface layers high in silt or clay sized 

particles. A riparian buffer width of 50 ft (15 m) would encompass all of the previously listed 

categories, as well as trapping of silt-sized sediment and habitat maintenance for aquatic 

communities. While it would fulfill all water quality recommendations and some of those for 

wildlife, the wildlife guilds not accounted for in a 50 ft (15 m) buffer are bird communities, large 

mammals, and semi-aquatic reptiles and amphibians. However, the benefits of a complete 

riparian buffer around Stevens Creek of 522 ft (159 m) so as to encompass all wildlife guilds in 

addition to water quality considerations would likely become uneconomical for private 

landowners adjacent to the creek.  

It is possible that a variable width buffer design may be more effective for Stevens Creek. 

A variable width design includes a baseline width that is reduced or expanded based on certain 

landscape features or species of interest. The baseline width provides acceptable levels of all 

needed benefits at a reasonable cost (Dosskey et al., 1997). Actual buffer widths should be 

adjusted to fit the site (Schultz et al., 2009). Some bodies of water, riparian zones, and their 

adjacent upland areas have different characteristics that require individual consideration in order 

for management objectives to be met. Even along the same water body there is variability in 

landscape features such as presence of wetlands, width of the floodplain, slope, and soil type 

(Palone and Todd, 1998).  Based on the fulfillment of the majority of water quality and wildlife 

needs, I suggest that 50 ft (15 m) would be an adequate baseline riparian buffer width for Stevens 
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Creek. The following is a discussion of the variables that could influence the adjustment of this 

baseline width.  

Adjustment Variables 

 There may be portions of the creek along which higher clay contents exist, which 

according to Wilson (1967) would require a significant increase in buffer width, up to 300 ft (91 

m) for clay dominated surface soils. Areas with low soil organic material would also indicate the 

need for a wider buffer because of reduced denitrification by bacteria in organic material (Palone 

and Todd, 1998). Stream size is also a factor, and it is recommended that minimum buffer width 

for aquatic communities be increased from 50 to 60 ft (15 to 18 m) in larger streams (Klapproth 

and Johnson, 2001). 

The increase of impervious surfaces through urbanization could increase the pollutant or 

sediment loads of runoff, which may lead to more concentrated flows. Concentrated flows, in 

turn, will reduce the ability of riparian zones to trap the sediment and filter pollutants out of 

runoff before reaching the stream. Increased urban growth in the Stevens Creek watershed in 

coming years will require careful planning of filter strips. Additional practices such as swaths of 

stones to spread the runoff, and biofiltration swales and wetlands for runoff and stormwater 

retention which allow for greater infiltration may be required (Palone and Todd, 1998). Wetlands 

adjacent to streams and riparian zones are sinks for sediments, nutrients and pollutants, and sites 

for denitrification functions (Johnson and Buffler, 2008). 

 Vegetation type and design can also influence the effectiveness of buffer zones. More 

complex structural diversity of vegetation provides habitat for a greater range of wildlife species 

(Palone and Todd, 1998). Trees are important for establishment of the aquatic food web with leaf 
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matter as a food base (Palone and Todd, 1998). A study of 14 riparian buffer sites in Europe 

showed similar efficiency of nitrate removal for herbaceous and forested buffers, but after a few 

years of sediment build-up, grass buffers became overwhelmed and lost their effectiveness 

(Sabater et al, 2003).  

The traditional three-zone design includes an unmanaged forest along the stream bank to 

provide shading, a managed forest for a nutrient sink, and a grass or grass/forb filter strip that 

intercepts and spreads runoff to allow sediment settling and slower movement of water through 

the buffer (Schultz et al., 2004). The grass filter strip is very important to buffer effectiveness. 

Studies show that forested buffers without filter strips exhibit gully erosion and reduced 

effectiveness at nutrient removal. Stiff stemmed, native grasses such as switchgrass (Panicum 

virgatum) are recommended over introduced species such as smooth brome (Bromus inermis) 

and Kentucky bluegrass (Poa pratensis) that are easily laid down and allow water to pass over. 

However, a filter strip of switchgrass (Panicum virgatum) alone does not provide bird habitat as 

well as a more diverse species mix. A strip of switchgrass (Panicum virgatum) upslope of a more 

diverse grass/forb mix is recommended to provide both runoff treatment and habitat functions 

(Schultz et al., 2004).  

 The most significant adjustment variable for this study is that of wildlife guilds that 

require buffer widths wider than 50 ft (15.2 m). In portions of the stream where such wildlife 

guilds or species of interest may be expected, baseline buffer width should be expanded to the 

width appropriate for bird communities (82 ft; 25 m), large mammals (100 ft; 30 m), and semi-

aquatic reptiles (417 ft; 127 m) and amphibians (522 ft; 159 m).  

 Additional Considerations 
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 Important considerations to buffer effectiveness are continuity and point source pollution. 

Fragmentation of riparian buffer systems reduces the pollution control ability of buffers and 

isolates wildlife by removing movement corridors (Schultz et al., 2009). Pollution carried by 

structures such as tile drains and industrial waste pipes that input water directly into the stream 

cannot be treated by buffers, which reduces the influence of buffers on water quality (Johnson 

and Buffler, 2008). In order for buffers to remain effective, point sources need to be eliminated 

and continuity of buffers maintained along the entire stream.  

 In addition to the needs of wildlife habitat and water quality functions, economic and 

social factors should also be considered when discussing riparian planning and management. 

Landowners along Stevens Creek currently use much of the land for agriculture, and it is 

important not to completely override their needs in favor of ecosystem functions. At the same 

time, the use of the land for agriculture can have adverse impacts on a wide range of ecosystem 

functions and services of the riparian zone, such as the provision of quality freshwater. There 

must be a balance between meeting the needs of the landowners and protecting ecosystem 

functions (DeFries et al., 2004). Riparian zones can either take some land out of agricultural 

production, or it can generate income through government program payments or by providing 

specialty crops like nuts, fruits, and woody florals (Fox et al., 2005; Dillaha et al., 1988).  

The USDA (United States Department of Agriculture) Farm Service Agency offers 

payments to landowners enrolled in the Conservation Reserve Program for riparian buffers. This 

program provides economic benefits to private landowners with riparian buffers, which can 

offset the economic losses of keeping that land out of other kinds of production. In Nebraska, 

payments are determined on a site specific basis, according to soil series. Certain soil series 

receive higher payments than others, but all buffers receive a 20% bonus on top of the payment 
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recommended for soil type. An additional sign-up bonus of $10 per acre is offered for riparian 

buffers, and fencing for the exclusion of livestock is also paid. All buffers are designed under the 

technical guidance of the NRCS (Natural Resource Conservation Service). The NRCS uses a 

plant species mix that includes 60% native grasses in the filter strip and always includes species 

for wildlife to achieve multiple benefits of the buffer (D. Weber, personal communication, 

2010).  

 

CONCLUSION 

 The purpose of this thesis was to evaluate minimum riparian buffer width 

recommendations using a literature review in order to determine a buffer width to maintain water 

quality and habitat along Stevens Creek. Water quality is important to the health of people and 

wildlife, and riparian buffers are important tools for managing water quality and providing 

habitat. A variable buffer width design with a baseline width of 50 ft (15 m) was recommended 

for Stevens Creek, to be altered according to landscape features and species of interest. 

Additional considerations for the implementation and effectiveness of riparian buffers include 

fragmentation, point source pollution, and equitable management for both natural resources and 

landowners. 
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Fig. 1 Location of Stevens Creek watershed 
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Fig. 2 Future land use plan of the Lincoln/Lancaster County Planning Department 
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Management of Eastern Redcedar on Grasslands 
Developing an integrated control program including prescribed burning, herbicides, and cutting may 
be the best way to control eastern redcedar in Nebraska, according to recent research. 

John Ortmann, Graduate Research Assistant, Agronomy;  
James Stubbendieck, Professor (Range Ecology), Agronomy; 

George H. Pfeiffer, Associate Professor, Agricultural Economics;  
Robert A. Masters, Associate Professor, Agronomy, and Range Scientist, USDA-ARS;  

and Walter H. Schacht, Assistant Professor (Range Science), Agronomy  

Eastern Redcedar in Nebraska  
Control of Eastern Redcedar  
Taking an Integrated Approach to Management  
Costs and Effectiveness of Eastern Redcedar Treatments  
General Recommendations 

Eastern redcedar is a serious threat to grassland productivity. Some control methods may be too expensive to 
use on grasslands, but in many cases, an integrated approach combining fire with more intensive follow-up 
methods will provide reasonable control at an acceptable cost.  

Eastern Redcedar in Nebraska 

Eastern redcedar (Juniperus virginiana L.) is one of 13 juniper species native to the United States. It is the 
most widespread tree-sized conifer and is native to every state east of the 100th meridian. Throughout this 
vast range, eastern redcedar grows on many soils and under varying climatic conditions. This adaptability has 
enhanced eastern redcedar's recent spread into areas where it was formerly rare or absent. Individual trees are 
either male or female. The small, berrylike cones are eaten by many birds and some small mammals that then 
spread the seed in their droppings. Digestion actually improves germination.  

 
Figure 1. Prescribed fire alone is effective against smaller 
eastern redcedar trees. If properly timed, fire also benefits 
plant vigor and animal performance.  

First accounts of Nebraska vegetation mention eastern redcedar as 
a native tree species, primarily along the steep valley of the 
Niobrara River in northern Nebraska, as a minor component in 
deciduous forests in eastern Nebraska, and as a dominant species 
on canyon sides in the rugged Loess Hills region of central 
Nebraska. Today, volunteer stands of eastern redcedar can be 



found on most grasslands in central and eastern Nebraska. It is 
likely that most of the state's grasslands east and south of the Sandhills are infested or eventually could be. 
Since European settlement in the region, many factors have changed, allowing this minor native tree to 
become a serious grassland pest. Early records from the Loess Hills note that eastern redcedar were confined 
to the steepest canyons, usually on north-facing slopes where moisture levels were highest. The role of 
wildfire in confining the trees was obvious--trees near the edges of these stands displayed repeated fire 
damage.  

The species' adaptability and hardiness made it a favorite of pioneer tree planters. Millions of eastern redcedar 
have been planted in Nebraska for landscaping, windbreaks, and wildlife habitat. These plantings accelerated 
with the conservation programs of the 1930s. Meanwhile, wildfire suppression became effective for the first 
time after World War II, when rural fire departments were organized and equipped with military surplus 
vehicles. Thus, a maturing seed source from plantings and fire control converged in time.  

 
Figure 2. Spot-gun applications of Tordon 22K herbicide are 
fast and cost-effective against smaller eastern redcedar trees 
that survive fire.  

Eastern redcedar is a problem on grasslands primarily because it 
reduces forage production. Because developing trees alter the 
microclimate, the trees also encourage a shift from desirable 
warm-season native grasses to introduced cool-season grasses such 
as Kentucky bluegrass. Heavy infestations make livestock 
handling more difficult. All these adverse effects can be reflected 
in lower rental rates or sale prices for infested grassland. 
Established infestations will get worse over time. On many sites 
complete coverage by eastern redcedar can be expected, resulting 
in total loss of production unless controlled. Control measures 
should be initiated as soon as possible, both to improve 

effectiveness and reduce total costs.  

Control of Eastern Redcedar 

Many methods have been explored or used to control eastern redcedar. These include prescribed fire, 
herbicide application, and cutting. All methods have some drawbacks when used alone.  

Prescribed fire. This method is inexpensive and effective against smaller trees. However, its effectiveness 
declines as tree size increases. Adequate fine fuel (usually, last year's dead grass) is necessary for satisfactory 
results. Safety also is a concern since many managers lack experience with fire and the equipment required to 
conduct fires.  

Herbicides. Foliar sprays and broadcast soil applications of herbicides have been ineffective against eastern 
redcedar. The preferred treatment method is an application of undiluted Tordon 22K¹; liquid to the soil under 
individual trees at a rate of three or four milliliters per three feet of tree height. This method minimizes the 
amount of herbicide used and the exposure to non-target species. However, it still is time consuming and 
expensive when used on denser infestations or large tracts. Effectiveness also is variable on larger trees and 
label directions recommend against use on trees more than 15 feet tall. (Always read and follow pesticide 
label directions.)  

Cutting. This method is even more time consuming than herbicide application. It is effective because eastern 
redcedar is a non-sprouter. Trees cut below the lowest foliage will not regrow. Larger trees require a chain 
saw or tractor-mounted shears, but trees less than three feet tall can be quickly cut with hand shears. Tractor-
mounted shears may not be able to safely operate on steep slopes. Sawing is potentially dangerous because all 



lower branches of larger trees should be removed before cutting the main stem. Otherwise, the operator can 
be injured when the tree falls.  

 
Figure 3. Cutting may be the best option for larger eastern 
redcedar trees that survive fire because this species does not 
resprout. However, if trees are cut by hand, cutting is time-
consuming because lower limbs should be removed before the 
main stem is cut to prevent operator injury when the tree falls. 

Cutting alone also fails to remove all of the problem because felled 
trees continue to occupy space. Oklahoma research found that the 
durable skeletons of felled trees occupy 70% of the space of living 
trees. This area is lost to production for years because livestock are 
reluctant to graze among the sharp branches. In addition, removing 
large trees often releases a flush of tree and weed seedlings within 
the former canopy dripline. Removal of one large tree can result in 
hundreds of small trees in its place that soon can merge into a 
nearly impenetrable thicket.  

Taking an Integrated Approach to Management 

As described, Nebraska's eastern redcedar infestations have developed over several decades. Likewise, 
management of these infestations is best viewed as a long-term effort, both to reduce the initial infestations 
and prevent them from redeveloping to economically damaging levels. It is best to begin treatment as soon as 
possible, once treatment has begun considerable time is gained to continue long-term management. The 
emphasis should be on management of the infestation, rather than eradication. Eradication is not 
economical, and probably not physically possible in most cases. Instead, it should be recognized that some 
remaining larger trees, which are the most difficult and expensive to kill, do little damage. In fact, at low 
levels, eastern redcedars can be viewed as a potential resource, providing livestock shelter, wildlife habitat, 
timber products, and aesthetic values. Most important, long-term selective management is considerably less 
expensive than a more intensive, short-term approach.  

While single-method approaches all have drawbacks, recent research in Nebraska and elsewhere has shown 
that integrating prescribed burning with herbicides or cutting combines the strengths of each method while 
overcoming their disadvantages.  

Prescribed fire. The controlled use of fire is a large subject in itself. It is beyond the scope of this publication 
to provide detailed instruction on conducting prescribed fires. Two other Nebraska Extension publications 
provide information on the use of fire in general and on how to safely conduct fires. They are NebGuide G88-
894, Grassland Management with Prescribed Burning, and Extension Circular 90-121, Conducting a 
Prescribed Burn. A fire plan should be prepared and a prescribed-burning permit obtained from the local fire 
jurisdiction, as required by state law. Specialized fire equipment can be purchased. Two sources are the Ben 
Meadows Company, 3589 Broad St., Chamblee, GA 30341; and Forestry Suppliers, Inc, Box 8397, Jackson, 
MS 39284-8397.  

Regarding eastern redcedar specifically, prescribed fire is important both to initially reduce infestations and to 
maintain trees at economically tolerable levels. Research indicates that prescribed fires used primarily to 
control eastern redcedar should be conducted earlier than previously recommended, about April 1. Foliage is 
drier then and ignition of large trees is more likely. Fires should be conducted under conditions which are as 
warm and dry as is consistent with safety. Lower windspeeds, in a range of 5 to 10 mph, will increase the 
duration of high temperatures and damage to larger trees. In some cases fire alone may be adequate. In other 
cases supplemental treatment may be necessary. Fortunately, a number of treatment options are available to 
fit different circumstances. These include selective treatment by height and reducing herbicide rates for 



smaller trees.  

Several variables should be weighed when considering options. These include location within the state, 
difficulty of burning the area in question, age and density of trees, the density of surviving trees that can be 
tolerated, kind of grassland vegetation, and the availability of labor or capital.  

Location. Eastern Nebraska lies within the tallgrass prairie region, while central Nebraska, including the 
Loess Hills, is in the mixed prairie region. The tallgrass region potentially produces greater fine-fuel loads, 
and thus more intense fires and higher eastern redcedar mortality. Fire can be used more frequently here with 
less risk of adverse effects to the other vegetation, such as can occur when drought follows spring fire. This 
means that fire alone on a short rotation, perhaps even annually, may suffice in the east. In the mixed prairie 
region fine-fuel loads tend to be lower and control from fire alone may be less, while arid post-fire conditions 
also are more likely. In central Nebraska fire should be used more conservatively, at intervals of several years. 
This makes it more likely that limited supplemental treatments will be necessary to achieve management 
goals.  

Difficulty of burning individual units. Lighting a prescribed fire often carries some risk of it escaping. 
Eastern Nebraska pastures more often are isolated by roads, cultivated lands, and other firebreaks that will 
confine the fire and minimize risk. This means that fire may be safely used more often and under more 
favorable burning conditions. In central Nebraska, pastures often are located within large blocks of rangeland, 
making escape more likely and serious. This argues for a more sparing use of fire and reduces the chance that 
fire alone will suffice.  

In some cases, the difficulty and risks of burning in areas of extensive grasslands can be greatly reduced by 
conducting "landscape-scale" fires, rather than burning pastures individually. Under the landscape-scale 
concept, the fire boundary is extended until adequate existing firebreaks are encountered. These may be roads, 
watercourses, cultivated lands, stands of broadleaf trees, relatively non-flammable canyon bottoms, or areas 
of short or green vegetation. Such large areas frequently contain the holdings of multiple landowners. 
Obviously, all landowners and managers within the area must be in agreement about the proposed burn.  

Age and initial density of trees. Eastern Nebraska infestations tend to be younger and more dispersed. This 
will improve control levels achieved by fire alone. In the rugged Loess Hills, where eastern redcedar is native, 
infestations include dense stands, usually on north-facing slopes, and larger trees. These stands are less 
susceptible to fire and may require supplemental treatment. In fact, some dense stands may be better left alone 
because little vegetation remains under the canopy and the danger of soil erosion is great on steep slopes if 
trees are removed. Management efforts may be better concentrated on developing stands that are easier to 
attack and threaten future productivity much more.  

Density of surviving trees that can be tolerated. This factor depends on manager preference. Low numbers of 
surviving trees will have little effect on future productivity. Most surviving trees will be the largest and oldest 
in the population. These may have a near-term value, for example as fence posts, and so pay for their own 
removal. Low numbers of such trees also furnish livestock shelter, and improve habitat for popular game 
animals such as deer and wild turkey.  

Kind of existing vegetation. Most research on prescribed fire in grasslands relates to warm-season native 
grasses, either in rangeland or planted pastures. Much less is known about the use of fire on cool-season 
grasslands. For planted cool-season pastures, fires would have to be conducted as much as six to eight weeks 
earlier than on warm-season grasses, probably no later than mid-March to minimize damage to the grass.  

The situation on degraded, cool-season dominated range is more complex. Fires conducted early will 
encourage the cool-season grasses at the expense of the remnant warm-season grasses. Fires conducted 
around May 1, at the optimum time to favor warm-season grass growth, will damage the cool-season grasses. 
While that often is desirable, a manager may have come to depend on early production from a cool-season 



range. Much of this production will be lost if fire is used. Total production also may be temporarily reduced if 
the remnant warm-season grasses are too scarce or weakened to take advantage of the suppression of the cool-
season grasses.  

Use of fire should be carefully considered on all lands. Ideally, fire should be incorporated as part of a long-
term pasture-management plan designed both to reduce eastern redcedar infestations and improve range 
condition while maintaining or improving productivity.  

Availability of labor vs. capital. Nebraska research indicates that the costs and effectiveness of cutting and 
herbicide application are similar for trees less than 10 feet tall. However, the sources of those costs are 
different. Labor accounts for most of chain sawing costs. Shearing costs include purchase or rental costs of 
the shears plus considerable labor, or payment to a contractor. For Tordon 22K application, the purchase price 
of the herbicide accounts for most of the cost. Cutting and herbicide application both are rational choices, but 
managers should choose based on their own circumstances.  

Costs and Effectiveness of Eastern Redcedar Treatments 

Recent Nebraska research has provided detailed information on the results and costs that can be expected 
when a variety of eastern redcedar control measures are applied under realistic conditions. The values in 
Table I were generated on a site in the Loess Hills in Custer County. The eastern redcedar population on the 
site had developed since about 1960 and had reached a density of about 250 trees per acre. Trees were mostly 
less than six feet tall, indicative of a still-expanding infestation, and were growing mostly as single trees or in 
small groups. Tordon 22K was applied at a rate of four milliliter per three feet of tree height. It was apparent 
that there were some misses, and some trees were treated twice. When herbicides are used, some form of 
marking should be used to prevent this. Sprinkling a few kernels of popped popcorn by each tree as it is 
treated is fast and inexpensive. The cutting treatments used hand tools and chain saws. Supplemental 
treatments were applied one to two months after the fires. Actual costs and effectiveness achieved will depend 
on initial tree density and fire intensity.  

The main points in Table I are:  

1. the total costs and effectiveness for trees less than 10 feet tall are about equal for fire plus Tordon 22K 
and fire plus cutting;  

2. burning first reduced the time requirement by half for both Tordon 22K and cutting treatments, and  
3. burning first reduced total costs by nearly half for both treatments. It should be noted that supplemental 

treatment is a one-time expense that can be spread over a number of years. This is true only if fire is 
used periodically to prevent reinfestation.  

These costs do not include charges for changes in grazing management. For example, if grazing is reduced by 
0.25 animal unit month (AUM) per acre in the year before fire to accumulate fine fuels, and an AUM's value 
is $16, then an additional $4 per acre should be charged to the fire cost. However, this cost likely will be 
recovered in reduced supplemental treatment costs if a more effective fire is achieved.  

Table I. Effectiveness and costs of eastern redcedar control treatments as measured one year after 
treatment. 

Treatment
Mortality  

To Apply Supplemental TreatmentsBy Height Class
0-3 ft 3-6.5 ft 6.5-10 ft >10 ft Total¹ Time Costs

 ------------------------(%)------------------------ (hours/acre) ( $/acre)

Fire alone 94 71 63 29 81 0.00 2



Treatment options. The Nebraska research also indicated that treatment strategies can be modified to further 
reduce costs. It was found that:  

1. some trees that at first appeared to survive the initial prescribed fire will die during the following year;  
2. surviving large trees, which make up a small percentage of an expanding population, will make a 

negligible contribution to future production losses; and  
3. herbicide rates for trees less than 10 feet tall may be reduced to two milliliter per three feet of height 

without significant loss of effectiveness. Reducing rates will, however, void the manufacturer's 
warranty. Table II shows estimated costs of fire plus herbicide application based on these findings. 

The assumptions regarding delaying treatment for one year after fire and selectively treating only smaller 
trees also can be made for cutting and could be expected to reduce these costs as well. A further refinement 
would be to focus supplemental control on seed-producing females to reduce reinfestation.  

General Recommendations 

If at all possible, prescribed fire should be incorporated into long-term eastern redcedar management on 
grasslands. Periodic fire is required both to reduce the cost and improve effectiveness of treatments, and to 
prevent reinfestation. If necessary, grazing management should be changed to ensure adequate fine fuel loads 
before the initial and subsequent fires. To prevent reinfestation, fire should be used no less than every eight 
years in central Nebraska, and no less than every four years in eastern Nebraska where eastern redcedar 
growth rates are higher. Alternately, fire can be applied whenever newly established trees are approaching 
three feet in height, the size above which significant numbers can survive fire. 

Fire+Tordon 98 95 93 60 95 0.25 20²

Fire+Cutting 95 99 100 94 96 1.25 16²

Tordon Alone 82 83 60 66 79 0.50 37

Cutting Alone 84 97 97 95 88 2.50 25

¹Weighted means, based on different numbers of trees in each height class. 
²These costs include the estimated $2 per acre fire cost.

Table II. Estimated costs per acre of fire followed by Tordon 22K application under 
combinations of delaying treatment after fire, reducing the rate by half, and selective 
treatment by tree height. Costs include estimated $2 per acre fire cost.  

Treatment 
Option

Treatment 
Date

Herbicide 
Rate

Trees 
Treated Cost 

 (time after fire) (ml/3 ft) ($/acre)

1 3 weeks 4 All 20

2 1 year 4 All 14

3 3 weeks 2 All 12

4 1 year 2 All 9

5 3 weeks 4 <10 ft 13

6 1 year 4 <10 ft 9

7 3 weeks 2 <10 ft 9

8 1 year 2 <10 ft 7



The need for supplemental treatment should be assessed after the initial fire, in light of the variables discussed 
previously in the Taking an Integrated Approach section. Supplemental treatment should be delayed at least 
one year after the initial fire to take advantage of delayed mortality. The supplemental methods should be 
those best suited to individual circumstances. Selective treatment, based on tree height, should be considered 
to reduce costs.  

¹Use of tradenames is not an endorsement by the authors or the University of Nebraska-Lincoln.  
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INTRODUCTION 

Patch-burn grazing is a grassland management strategy in which a portion of prairie is burned to attract 

grazing animals.  Those animals concentrate their grazing in that burned “patch” even though they have 

access to the entire prairie.  As new patches are burned, grazers shift their grazing to the most recent 

burned patch, allowing previously-burned patches to recover (Figure 1).  Today’s methods evolved from 

early efforts by The Nature Conservancy and others to manage large grasslands with a combination of 

prescribed fire and bison grazing.  The bison in those grasslands showed strong grazing preference for 

grasses (as opposed to forbs, aka wildflowers), and that selective grazing led to increases in plant 

diversity in recently grazed portions of those grasslands. 

  



Figure 1. The Basic Patch-Burn Grazing Model.  Cattle concentrate their grazing within the most recently-burned 

patch, even though they have access to the entire prairie.  When a new patch is burned, cattle shift their grazing to 

that patch, allowing older burned areas to recover. 

 

Most of today’s applications of patch-burn grazing are designed to improve wildlife habitat quality of 

rangeland by increasing the heterogeneity of habitat structure – as compared to many traditional cattle 

grazing systems that try to avoid grazing extremely low or high intensities.  Researchers from Oklahoma 

State University have led the effort to test patch-burn grazing’s applicability to rangelands, and have 

documented many benefits to wildlife species and plant/insect diversity.  More importantly, ranchers 

can typically obtain these results without compromising either stocking rate or weight gains.  Because of 

OSU’s positive findings, a variety of agencies, universities, and landowners are now testing patch-burn 

grazing in their local landscapes to see whether or not they can obtain the same kind of results.  

Currently, patch-burn grazing shows great potential for improving habitat quality in privately-owned 

agricultural grasslands, something that could have profound impacts on many at-risk grassland wildlife 

species. 

In contrast to the vast majority of patch-burn grazing studies, however, our work along the central Platte 

River in Nebraska is not focused on altering management in production-oriented grasslands, but rather 

was specifically designed to increase and maintain floristic quality in prairies.  During the last two 

decades, we invested significant resources into creating diverse prairie restorations (reconstructions), 

using seed mixes of between 150 and 230 plant species, as a way to enlarge and reconnect fragmented 

native prairies.  As those restored prairie plant communities became established, we needed a way to 

maintain that plant diversity.  In restored prairies (and many native prairies as well) dominant grasses 

tend to monopolize many of the resources, decreasing plant diversity.  The Nature Conservancy’s 

experience with bison/fire management had shown us that selective grazing by bison temporarily 

suppressed grass vigor and allowed other plants to become more abundant – increasing plant diversity.  

We hoped we could get similar results in our restored prairies by substituting cattle for bison and 

applying patch-burn grazing at much smaller scales (e.g. 80-400 acre prairies).  While we are targeting 

plant diversity, we are also using that as one indicator of our larger goal of overall biological diversity, 



much of which depends heavily on plant diversity as a foundation.  Other studies have documented 

impacts of patch-burn grazing on other taxa (birds, small mammals, insects, etc.) so we are focusing 

mainly on plant species and community responses. 

OUR APPROACH 

Because we were not constrained by the need to design a management system that would be 

acceptable to ranchers or farmers, we were able to think about stocking rate, grazing season, and the 

timing and frequency of fire purely from the standpoint of what we thought would best achieve our 

primary objective – to prevent dominant grass species from reducing overall plant diversity.  We started 

with the knowledge the intense defoliation of grasses reduces their vigor substantially.  Those grasses 

lose aboveground stems and leaves, allowing more light to hit the ground around them.  More 

importantly, the aboveground defoliation reduces the ability of grasses to support their massive root 

system, and they have to abandon many roots – leaving soil moisture and nutrients for other plants.   

Opening up space around dominant grasses allows other plant species to spread by seed and/or rhizome 

into territory formerly held by grass plants, increasing overall plant diversity.  We hoped to get cattle to 

graze grasses hard and long enough to significantly weaken them, but then allow those grasses to rest 

and recover their vigor before the next grazing bout.  At the same time, we wanted grazing pressure on 

forbs to be as light as possible to allow them to take advantage of the temporarily weakened grasses 

and increase (or at least maintain) their abundance.   

 

An illustration of how grazing can influence dominant grasses in a prairie.  In A, dominant grasses are 

monopolizing above and belowground resources.  Other plant species have little opportunity to obtain light, 

moisture, or soil nutrients.  In B, intensive defoliation has removed the leaves and stems, which has led to the 

abandonment of much of the root system.  This opens up resources for other new plants to start.  In C, those 

new plants are growing stronger as the grasses recover their vigor. 



Over the last 10 years or so, we have experimented with various modifications of the basic patch-burn 

grazing system on about a half dozen prairies.  Those prairies include lowland and upland sites, and 

restored and remnant (unplowed) prairies.  We have been employing cow/calf pairs as our grazers 

because that is what our neighbors have, and we lease our pastures to those neighbors, who bring in 

cattle based on our plans for timing, duration, and stocking rate each season. 

 

GENERAL RESULTS 

Our early experiments confirmed that cattle followed the grazing pattern we hoped they would – 

spending the vast majority of their time in the most recent burned patches, and grazing very little in 

unburned areas.   More importantly, we have found that under light stocking rates the cattle in our 

prairies graze very selectively – eating almost exclusively grasses.  (The patch-burn grazing system seems 

to help facilitate that selectivity, but we’ve also seen it occur under light stocking rates in other grazing 

systems.)  Increasing the stocking rate increases the amount of grazing on forbs within the burned patch 

and also increases the amount of grazing that occurs outside the most recent burned patch.   

 

Selective grazing in a restored prairie under a light stocking rate.  Most grasses have been grazed but few forbs 

have, including Maximilian sunflower, purple prairie clover (blooming) and rosinweed (blooming). 

Stocking rates are difficult to translate from site to site because of differences in annual rainfall, soil 

types, vegetation composition, etc.  In general, our patch-burn grazing stocking rates are about half to 

three-quarters of what the Natural Resources Conservation Service (NRCS) would recommend to a 

livestock producer on the same site.  In addition, we alter stocking rates annually based on the previous 

year’s rainfall and the results we see on the ground.   



It’s been fascinating to watch cattle select which plants to graze on, and to see how that changes 

through the season.  During the early spring, their favorite plant in our prairies is smooth brome, an 

invasive species that we target for suppression.  We try to get cattle into our pastures as early in April as 

we can so that the cattle can start grazing it (and stressing it) while it is still relatively short.  At that time 

of year, cattle can generally “get ahead” of the grass in the burned patch, meaning that they can graze it 

all down faster than it can regrow, so they also spread out and selectively graze patches of smooth 

brome elsewhere across the prairie.  As soon as the burned patch starts growing faster, however, they 

refocus their grazing there.  As the season progresses into warmer weather, cattle tend to focus 

primarily on big bluestem and indiangrass – our most dominant native grasses during the summer.  

Other grass species, such as switchgrass, tall dropseed, Canada wildrye, and others are also grazed, but 

the grazing intensity on those species increases with stocking rate.  At lower stocking rates, cattle tend 

to stick with their favorite species most of the time.  When we do see grazing on forbs, cattle have 

favorites among them as well.  Their absolute favorite forb is sweet clover – another species we’re 

happy to let them suppress for us – but they also like native legumes such as Illinois bundleflower and 

Canada milkvetch.  As a result of knowing the grazing preferences of our cattle, we can easily gauge our 

stocking rate by whether or not species like switchgrass and Illinois bundleflower are being grazed.  

Again, the “appropriate” stocking rate changes from year to year based on our objectives for each 

prairie. 

To date, we’ve primarily evaluated two different aspects of plant community changes under patch-burn 

grazing.  First, we’ve examined short-term changes in the plant composition as a direct result of the 

fire/grazing/rest cycle in the patch-burn grazing system.  Second, we’ve tracked long-term changes in 

the plant community (up to 9 years so far) as prairies have gone through repeated cycles of fire/grazing 

and rest.  In both cases, we measure changes by identifying and counting plant species within numerous 

1m2 plots spread across each site.  We can then look at changes in the species diversity at both small 

(1m) and large (prairie) scales.  In addition, we can calculate the floristic quality (see Swink, F. and G. 

Wilhelm, 1994, Plants of the Chicago Region, 4th ed.) at the 1m scale and average it across the entire 

prairie to look for change over time. 

In both restored and remnant prairies, we generally see about a 20-30% increase in plant species density 

at small scales (1m2) after a season of fire/grazing.  In other words, within a burned patch, the number 

of plant species per square meter is about 20-30% higher in the year after intensive grazing than the 

previous year.  Many of those “new” plants are opportunistic species such as ragweeds, annual 

sunflowers, marestail, and others that are quick to take advantage of the grazing-weakened grasses.  

However, we also see seedlings of plants like purple prairie clover, Illinois bundleflower, perennial 

sunflowers, and many other perennial native wildflowers that are taking advantage of the same open 

space.  Many of those same plants are also spreading through rhizomes.  That bump in species density 

drops off again the following year as the grasses recover most of their vigor.  Sometimes the density 

drops back to pre-burn levels, but in other cases it retains some of the “new” species.  We’ve not yet 

been able to predict why species densities sometimes remain higher, but it does seem to be at least 

somewhat related to weather patterns.  



 

Two graphs showing changes in the average number of plant species per meter in burned patches.  The top 

graph shows a burned patch within a degraded remnant prairie over three years, starting with 2008 when the 

patch was burned.  The bottom graph shows the same pattern in a 2007 burned patch within a restored prairie.  

In both cases, the species density increases in the year after the fire but drops again the subsequent year.  Error 

bars indicate 95% Confidence. 

In terms of long-term (9 year) data on changes in plant species composition in prairies, we’ve certainly 

seen changes, but most seem more strongly linked to weather patterns than our fire/grazing work.  

Most of our remnant prairies have relatively degraded plant communities, dominated by grasses (native 

and non-native) and with fairly low numbers of forb species.  Those prairies have tended to increase in 

mean floristic quality during our patch-burn grazing experiments, but for the most part we’re not seeing 

increases in the abundance of perennial forb species that are largely missing from those prairies.  In 

addition, those increases in mean floristic quality corresponded with a return to wetter years following a 

drought that lasted from about 2000 through 2006.   



                       

In many of our degraded remnants, plant species such as Maximilian sunflower (left) and purple prairie clover 

(right) are uncommon.  However, even when they have nowhere to hide, they are rarely grazed within our 

patch-burn grazing system when we employ a light stocking rate, giving us hope that they will increase in 

abundance over time. 

On the one hand, an increase in floristic quality in those degraded remnants is positive, and it doesn’t 

appear that our fire/grazing is having detrimental impacts.  On the other hand, we don’t yet know how 

much our management influenced the change relative to the influence of weather.  For the most part, 

we feel that we’re not seeing perennial forb species increase in abundance because they’re simply not 

there anymore.  A few, especially Maximilian sunflower, are increasing over time, but our next job is to 

reintroduce other species to the site.  We’ve been experimenting with overseeding those species within 

the patch-burn grazing system – with some success – but it’s too early to know how well that will work. 

 



In contrast to our degraded remnant prairies, our restored prairies already have about what we want for 

plant species composition, and our objective is simply to maintain that.  We introduce patch-burn 

grazing to restored prairies when they establish to the point where most species are present, but before 

grasses begin to become overly dominant. So far, our data show that we are maintaining mean floristic 

quality in those restored prairies over time – through both drought years and wet years.  Some 

individual plant species increase and decrease over time, but none show a steady drop (excepting a few 

non-native annuals).  Most species are either relatively stable or bounce around in abundance as a result 

of the combination of our fire/management and weather.  In one site, only two plant species have 

steadily increased over time – Carex brevior (a native sedge) and Kentucky bluegrass (a non-native 

invasive grass).  We’re glad to see the sedge increase in abundance but wary of the bluegrass.  Bluegrass 

is now found in about 75% of our annual data plots, but has not had any visible impacts on species 

diversity, so we’re wondering whether or not we can keep it suppressed enough (like other grasses) that 

it simply joins the plant community instead of dominating it as it does in nearby degraded prairies.   

We don’t collect data from every prairie in every year, but in the case of one restored prairie, we have 

nine years of annual data, dating back to when we first started implementing patch-burn grazing at the 

site (2002).  As with other restored prairies, the site has maintained its mean floristic quality and has not 

lost any plant species that we’re aware of.  In this prairie, though, we also have a couple of fairly large 

(2-4 acre) exclosures that have gotten similar fire management to the rest of the site, but have not had 

any grazing.  The prairie plant communities within those exclosures are significantly lower in mean 

floristic quality and species diversity – and are dominated by warm-season grasses and a few forb 

species.  We have installed exclosures at other restored prairies during the last couple of years but don’t 

know if we will see similar differences at those sites or not.  At this point, it appears that grazing is an 

important component in our attempt to maintain species diversity in our restored prairies, but we will 

continue to learn over the coming years. 

 



MODIFICATIONS FOR SPECIAL CIRCUMSTANCES 

The standard patch-burn grazing template we use consists of a three year fire frequency, meaning that 

we burn a third of each site annually.  However, in reality, we don’t stick with that frequency - and to 

meet objectives for individual prairies, we constantly manipulate other aspects of the model as well, 

including length of grazing season, season of fire, stocking rate, and others.  In addition, on most sites, 

we don’t use the same burn units each time around, choosing instead to mow firebreaks around the 

portions of the prairie that contain the most fuel (dry grass) for burning.  In this way, we avoid creating 

permanent edges between patches, but also help regulate the fire frequency based on the recovery 

needs of the prairies.  In other words, portions of the prairie that recover more slowly after fire/grazing 

will get burned less often than those portions that recover faster.  For example, locations with 

sandy/gravelly soils tend to recover more slowly than those with richer soils because soil nutrients are 

lower - so they get less frequent fire.  On the other hand, we tend to burn Kentucky bluegrass-

dominated portions of our remnant more frequently (sometimes every other year) than we burn other 

portions because cattle often don’t graze bluegrass as hard as other species, so it recovers quickly – and 

the fire may be a better agent of bluegrass suppression than grazing.   

The following is a set of examples of the kinds of modifications we make to the basic patch-burn grazing 

system to meet specific objectives. 

Season of Fire 

We try to alter the season of fire as much as we can to ensure that we’re not falling into a set pattern of 

consistently burning at the same time of year.  This seems important in terms of impacts to both plant 

and animal species – we don’t want to negatively impact the same species over and over.  In deciding 

what time of year to burn, we consider the impact of both the fire and grazing intensity on plants and 

animals.  For example, a dormant season (late fall or early spring) burn – before cattle come into the 

prairie – means that when cattle are brought in they’ll immediately begin grazing that recently-burned 

patch, and the remainder of the prairie will get very little grazing.  By contrast, if we do a late-spring 

burn (May) but bring cattle into the pasture in April, the cattle will be grazing cool-season grasses 

throughout the site – but especially in the previous-year’s burn – until the May burn greens up.  The 

late-spring burn can be helpful when we are fighting cool-season invasive grasses because both the fire 

and spring grazing will target those grass species.   

We’ve also begun experimenting with summer fires (July/August) as a way to have a greater impact on 

dominant warm-season grasses and to release a different set of forbs from competition than we do with 

spring fires.  Ordinarily, a summer fire with no subsequent grazing will favor fall-growing plants 

(including smooth brome and Kentucky bluegrass), but when cattle are present to graze the fall 

regrowth following the fire, the vigor of cool-season grasses are suppressed, leaving forbs with less 

competition.  Our limited experience with summer fires so far has shown us that short-lived species that 

overwinter as rosettes are particularly favored by the treatment, but that many other forb species 

benefit as well.  At this point, we consider summer fires to be a treatment that supplements our larger 

management with something a little different, so we tend to consider burning perhaps one-fifth or less 



of the prairie with a summer fire.  That helps to minimize impacts to the many insect and wildlife species 

that are active in the summer, but still provides a patch of different wildlife habitat and opportunities 

for plant species that might not otherwise be favored by dormant season or late spring burns.  The other 

impact of a summer burn is that it pulls grazing pressure off of the remainder of the prairie during the 

fall green-up of that summer-burned patch.  One of the advantages of that is that we often see cattle 

ranging outside the recent burned patch during the fall when warm-season grasses are dormant and the 

cool-season grasses in the same patch are still weak from the spring grazing (or late spring fire).  Since 

there’s not much for cattle to eat in the burned patches, they start looking elsewhere, sometimes 

causing us problems (discussed below).  A summer fire can concentrate that fall grazing into a smaller 

area, allowing large parts of the prairie to remain ungrazed or lightly grazed. 

Stocking Rate and Grazing Season Length 

Following up on the last thought, we’re still debating the idea of how long to leave cattle in our prairies 

during the fall.  Because they tend to start foraging outside spring-burned patches in the late summer 

and early fall, we’ve had years where fall-grazing cattle have significantly knocked down vegetation 

height and density in the portion of the prairie we were hoping to burn the next spring.  Sometimes 

that’s helpful because it reduces the intensity of the fire, but other times it prevents us from being able 

to burn – or to burn with enough intensity to kill eastern red cedar trees.  Removing cattle from the 

prairie in the early fall can help remedy that.  On the other hand, fall grazing on cool-season invasive 

grasses can be very helpful in suppressing them, and we’ve noticed that smooth brome that was grazed 

in the fall often appears very sluggish and weak the next spring.   

There is a period starting in mid-late August when warm-season grasses are of low forage quality for 

cattle and cool-season grasses aren’t growing much when we see cattle graze on forbs more than at 

other times of the season.  That usually entails grazing the tops of plants, as opposed to grazing them 

down to the ground, but many flowers are nipped off during that period.  For perennial plants, this 

probably has a negligible impact if it only happens once in a while, but if those plants are never allowed 

to flower and produce seed, it can clearly have more serious consequences.  As we continue to 

experiment with fall grazing, we sometimes put up an electric fence in the late summer around the 

portion of prairie we plan to burn the next year – both to build fuel and to reduce grazing on forbs.  In 

addition, if we do keep cattle in the prairie until late fall one year we don’t tend to do the same the next 

year. 

On the other end of the season, we tend to try to put cattle into the prairies as early as we can in the 

spring because most of our sites either have an abundance of cool-season invasive grasses or are at risk 

from an invasion.  Putting cattle into the prairie in early April often means that our late spring burns 

occur while cattle are in the prairie – which has never led to any issues.  (Cattle tend to retreat to the far 

side of the prairie to watch the fire.)  In sites where not much is greening up in early April, we’ll bring 

cattle in later, but that’s a rare situation for us.  Ordinarily, the biggest challenge of early spring grazing 

is convincing the owner of the cattle that there is enough grass to sustain grazing needs.  Balancing our 

desire for early season intense grazing against the livestock owner’s worries about running out of grass 

is an annual event. 



As discussed earlier, stocking rate can have a tremendous impact on the selectivity of grazing cattle.  As 

stocking rate increases, both the amount of total grazing outside the burned patch and the amount of 

forb grazing inside the burned patch increase as well.  At extremely light stocking rates, almost no 

grazing occurs outside the burned patch and very patchy grazing occurs inside the burned patch.  

Conversely, at very heavy stocking rates, cattle will quickly run out of grass in the burned patch and 

graze the majority of the prairie.   

 

This July photo shows the burned patch of a restored prairie under patch-burn grazing management with a 

light stocking rate.  Most grasses are grazed – but not uniformly – while the majority of forbs are ungrazed.  In 

the photograph are opportunistic species such as black-eyed Susan and hoary vervain that typically respond 

well to grazing pressure, but also Canada milkvetch and compass plant that are often seen as plants that do 

poorly under cattle grazing. 

There is no single “perfect” stocking rate for patch-burn grazing because the appropriate rate depends 

upon objectives – which can change over time.  A lighter stocking rate will leave more flowers ungrazed, 

but will also have much less impact on the vigor of dominant grasses.  In fact, light grazing on grasses 

often leads to increased rhizome development, helping those grasses to spread horizontally.  On the 

other hand, a heavy stocking rate can more strongly suppress dominant grasses but will also lead to 

more forb grazing.  It’s important to remember that even if a perennial forb is grazed down to the 

ground for an entire season (more typically, much of the plant is left ungrazed) it will recover its vigor 

during the subsequent year if that grazing doesn’t continue.  In other words, periodic defoliation of 

forbs does not necessarily have a negative impact on those species or their relative abundance within 

the prairie. 

Stocking rate decisions can be made annually, based on weather and objectives.  In our case, we 

typically lower stocking rates after dry years to compensate for what was heavier-than planned grazing 

during that year.  Conversely, we usually increase stocking rates after wet years to make up for an 

“excess” of grass coming out of that season.  We can’t predict the coming season’s weather, but we can 

at least adjust to compensate for the prior year.  In addition to weather, though, we also look at the 



vigor of invasive and native grasses, our desire to create certain kinds of wildlife habitat structure, and 

objectives related to forbs and other plants and insects as we determine annual stocking rates. 

There is no rule that stocking rates have to stay constant through the season.  Historically, bison grazing 

was likely most concentrated in burned patches of the landscape during the early part of the summer, 

before herds broke up into smaller wandering groups in the late season.  More importantly, our desire 

for a certain intensity of grazing often varies by season, depending upon our objectives for a prairie.  An 

advantage of using yearling cattle instead of cows/calves is that reducing stocking rates as the season 

progresses can sometimes fit well into a marketing plan for yearling cattle.  It rarely makes sense to sell 

cow/calf pairs in mid-summer, however, so when we reduce stocking rates of cow/calf pairs in our 

prairies mid-season, we or the livestock owner have to find another place for those extra cattle to graze.  

Regardless, we have been experimenting more and more with stocking rate changes during the season. 

In many of our prairies, the ideal stocking rate regime might call for a high number of cattle in the early 

spring, somewhat fewer animals in the early summer, and then no cattle, or just a few, in the fall 

(maybe just enough to “clean up” any brome that is growing strongly, but not enough to knock down 

fuel for the next year’s fire).  An early high stocking rate helps to suppress invasive cool-season grasses, 

but rarely has much impact on forbs because most forbs at that season are either dormant or so short 

that they escape notice by cattle.  With a dormant season fire, cattle will suppress cool-season grasses 

most in the burned patch, but with a high enough stocking rate, they will also graze across much of the 

rest of the prairie – searching out those grasses as well.  With a late-spring fire, a high number of cattle 

in the early spring (before the fire) can knock down cool-season grasses in the previous year’s burn, and 

then the late spring fire can suppress cool-season grasses within the current year’s burn patch.   

Reducing the number of cattle on the prairie in late May, as warm-season grasses and forbs are starting 

to hit their growth spurts, can help ensure that cattle will focus more narrowly on dominant warm-

season grasses, leaving forbs largely ungrazed and poised to take advantage of weakened grasses.  

Again, the appropriate summer stocking rate depends on objectives…  In any given year, we tend to 

have some prairies that have a (relatively) high stocking rate in the summer and others with a low rate.   

Exclosures/Seasons of Rest 

In smaller prairies (a couple hundred acres or less in size) it may be beneficial to provide seasons of 

complete rest from grazing to ensure that no plant species are being perennially grazed by cattle.  Most 

of our grazed prairies range from between 80 and 400 acres, and we haven’t seen any plant species 

disappear from annual patch-burn grazing.  However, in some prairies (why it varies by prairie, I don’t 

know) there are some forb species that can get grazed – at least their flowers – nearly every year.  

Sometimes that appears to happen because the plants are blooming at a time when grass growth 

typically slows (e.g. late summer).  In other situations, the relative forage value of the most dominant 

prairie plants may be low enough (especially in prairies dominated by Kentucky bluegrass and 

switchgrass) that cattle are looking for other plants to supplement their diet.  Regardless of the reason, 

smaller prairies are easy for cattle to search fairly thoroughly for the plants they need to meet their 

dietary needs, and if some plant species are repeatedly grazed year after year, they are unlikely to 



persist.  Sometimes, the repeated grazing of forb species – even outside burned patches – can be greatly 

reduced by simply lowering stocking rates.  Other times, periodic total exclusion of grazing may be 

important. 

We have experimented with a couple different ways of periodically excluding prairies from grazing.  In 

some cases, we simply give the prairie complete rest from grazing every few years.  In other cases, we’ll 

put cattle in during the spring to hit cool season grasses and then pull them all out in late May or early 

June.  We have one restored prairie where we’ve increased our stocking rate and burned close to half of 

the prairie each year, but then only graze that prairie every other year.  We’re also experimenting with 

“moving window” exclosures by putting up electric fence around a different portion of the prairie each 

year so that all portions of the prairie will get some complete rest from grazing while still grazing other 

portions.  In the case of the moving window exclosures, we don’t adjust stocking rates because we tend 

to exclude the area least likely to be grazed anyway, and all we’re really doing is preventing “drive by” 

grazing of favored forbs that don’t add much quantity to the forage being taken by the cattle anyway.  

We still have a lot to learn about the grazing/rest needs of many plant species, but as discussed earlier, 

we’ve not seen any plant species disappear, or even decline precipitously from any of our prairies – even 

without rest periods or exclosures.  The resilience of prairie plants seems to be high, but the lifespan of 

many plants is also very long, so it may take many years before repeated grazing shows serious impacts.  

It seems prudent to play it safe by providing complete rest periods now and then when there is a 

question about what impacts might become important in the long-term. 

 

CONCLUSION 

Patch-burn grazing (or any kind of grazing) is not appropriate for all prairies – especially those under 20 

acres or so.  In our case, we feel that the kind of fire and grazing combinations we’re employing are 

providing benefits, especially in terms of grass suppression, that benefit both plant diversity and habitat 

quality.  At this point, rather than attempting to find a grazing system on our land that would also work 

for our agricultural neighbors, our approach is to try to optimize biological diversity first.  If we can 

figure out how best to do that, we and others can then focus on how to modify and translate those 

strategies to fit the needs of private landowners, public land managers, and others working toward a 

variety of other objectives.  In the meantime, we continue to experiment and evaluate the potential 

impacts of patch-burn grazing – including a multitude of variations on the basic system – on the wide 

range of species and ecological processes that drive diverse prairie ecosystems.  We hope others will 

conduct similar experiments with fire and grazing combinations that might fit their individual prairie 

management objectives, and that they will share their results with us and others.  There are too many 

challenges facing prairies not to test all of the tools that could help us ensure that diverse prairies exist 

far into the future. 

 

 

Chris Helzer is the author of The Ecology and Management of Prairies in the Central United States and blogs at 

http://prairieecologist.com.    

http://prairieecologist.com/


 
 
 
 

APPENDIX E 



Soils Data and Analysis 

GIS data for soils was compiled in March of 2012 to assist in informing the development of the 

Master Plan and future implementation efforts.  The data and maps referenced on the next six 

pages of this appendix are comprised of a subset of soils from the NRCS Soil Survey Geographic 

(SSURGO) Database, representing soil formation, slope, ease of establishment for prairie 

plantings, and erosion potential.  Attributes were applied by the City‐County Planning 

Department based upon input from Jim Culver from the Lancaster County Ecological Advisory 

Committee, as follows:   

a. Ease: Ease of establishment for prairie plantings 

1 = Greatest opportunity 

2 = Moderate 

3 = Other 

 

b. Alluv: Soil formation 

1 = Soils formed in alluvial soils 

2 = Soils formed in alluvial soils and glacial till 

3 = Soils formed in glacial till 

 

c. Erode: Erosion potential of soil types 

1 = Low 

2 = Moderate 

3 = Moderately high 

4 = High 

5 = Very high 

 

d. Slope:  

1 = 5% or lower and/or flooded 

2 = 6% to 11% 

3 = 12% to 17% 

4 = 18% or higher 

 

A list of hydric soils for Lancaster County provided by NRCS is also included in this appendix. 

 



MUNAME EASE ALLUV ERODE SLOPE

Lamo silty clay loam, occasionally flooded 1 1 1 1

Crete silt loam, terrace, 0 to 1 percent slopes 1 0 1 1

Butler silt loam, terrace, 0 to 1 percent slopes 1 0 1 1

Crete silty clay loam, terrace, 1 to 3 percent slopes 1 0 1 1

Crete silt loam, 0 to 1 percent slopes 1 0 1 1

Hedville sandy loam, 7 to 30 percent slopes 3 0 5 4

Salmo silty clay loam, channeled, frequently flooded 3 1 1 1

Salmo silty clay loam, occasionally flooded 2 1 1 1

Kennebec silt loam, occasionally flooded 1 0 1 1

Zook silty clay loam, occasionally flooded 1 1 1 1

Aksarben silty clay loam, 2 to 6 percent slopes 1 0 2 2

Aksarben silty clay loam, 6 to 11 percent slopes 2 0 3 2

Burchard‐Nodaway complex, 2 to 30 percent slopes 3 2 5 4

Burchard clay loam, 6 to 11 percent slopes 2 3 3 2

Burchard clay loam, 11 to 17 percent slopes 3 3 4 3

Judson silt loam, 2 to 6 percent slopes 1 0 1 2

Judson fine sandy loam, 2 to 6 percent slopes 1 0 1 2

Dickinson fine sandy loam, 6 to 11 percent slopes 2 0 2 2

Dickinson fine sandy loam, 6 to 11 percent slopes, erod 2 0 3 2

Malcolm silt loam, 6 to 11 percent slopes 2 0 3 2

Morrill clay loam, 6 to 11 percent slopes 2 0 3 2

Morrill clay loam, 11 to 17 percent slopes 2 0 4 3

Morrill clay loam, 6 to 11 percent slopes, eroded 2 0 4 2

Otoe silty clay, 6 to 11 percent slopes, eroded 2 0 4 2

Pawnee clay loam 3 to 6 percent slopes eroded 2 3 3 2Pawnee clay loam, 3 to 6 percent slopes, eroded 2 3 3 2

Pawnee clay loam, 6 to 11 percent slopes, eroded 2 3 4 2

Pawnee clay, 3 to 6 percent slopes, severely eroded 3 3 5 2

Shelby clay loam, 6 to 11 percent slopes 2 3 3 2

Steinauer clay loam, 6 to 11 percent slopes, eroded 2 3 4 2

Steinauer loam, 6 to 11 percent slopes 2 3 4 2

Steinauer loam, 11 to 30 percent slopes 3 3 5 4

Steinauer clay loam, 20 to 40 percent slopes 3 3 5 4

Yutan silty clay loam, 6 to 11 percent slopes, eroded 2 0 3 2

Yutan silty clay loam, 11 to 17 percent slopes, eroded 2 0 4 3

Mayberry silty clay loam, 3 to 6 percent slopes, eroded 2 3 3 2

Mayberry silty clay loam, 6 to 11 percent slopes, erode 2 3 4 2

Wymore silty clay loam, 0 to 1 percent slopes 1 0 1 1

Wymore silty clay loam, 1 to 3 percent slopes 1 0 2 1

Wymore silty clay loam, 3 to 6 percent slopes, eroded 2 0 3 2

Wymore silty clay loam, 6 to 11 percent slopes 2 0 4 2

Nodaway silt loam, occasionally flooded 1 1 1 1

Colo silty clay loam, occasionally flooded 1 1 1 1

Colo‐Nodaway silty clay loams, frequently flooded 2 1 1 1

Nodaway silt loam, channeled, frequently flooded 3 1 1 1

Zook silt loam, occasionally flooded 1 1 1 1

Arents, earthen dam 3 0 5 4



Mine or quarry 3 0 5 4

Miscellaneous water, sewage lagoon 3 0 1 1

Water 0 0 1 1
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