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Abstract: Riparian buffers can effectively reduce non-point source pollution in intensively farmed agro-ecosystems. Buffers can 
be designed to fit the landscape to provide specific biophysical functions. Restoration of perennial buffer communities 
can consist of combinations of native tree, shrub and herbaceous plants. Native herbaceous grasses and forbs can be 
restored directly on banks that are gently sloped as well as at the upland buffer interface with annual crops. This plant 
community is effective at removing sediment from surface runoff, providing organic carbon to significant depths of 
soil, improving soil structure and providing wildlife habitat, especially for upland bird species. The deep fibrous root 
systems on the bank provide significant stability. Native shrubs can also be restored directly along the bank or further 
back in the buffer. Their woody roots provide long term stability to banks that are relatively steep. Their multiple 
stems provide an excellent trap for flood water debris, keeping it from the adjacent crop field. Shrubs provide vertical 
structure for diverse wildlife habitat and some detritus for the stream ecosystem while providing little shade for prairie 
and grassland streams. Trees provide the ultimate in vertical structural habitat. Their large woody roots are effective at 
providing stability to near vertical banks. They provide a large nutrient sink that can be easily removed for fiber based 
products, and they shade the stream and provide large woody debris for in-stream habitat and channel control. While 
present models used by federal and state government programs in the USA present relatively simple designs of either 
grass filters or grass filters with trees adjacent to the stream, there are numerous other design combinations that may 
provide more meaningful function for specific sites. Within these unique design combinations, species diversity can 
also be manipulated to fit the micro-topography, required functions for the site and the wishes of the landowner. 
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INTRODUCTION 

Intensive agriculture can produce major non-point source (NPS) pollutants for surface water 
bodies. As size of cultivated fields continues to increase to accommodate larger equipment, and 
livestock production continues to be concentrated into larger facilities NPS pollutants are becoming 
even more problematic. In many areas of the Midwestern United States, more than 85 % of the 
landscape is devoted to row crop agriculture or intensive grazing (Burkart et al. 1994). In these 
landscape settings high surface runoff produces higher and more frequent peak flows that result in 
more flooding, incision and widening of stream channels, reduction of base flow, and reduction in 
the quality of aquatic ecosystems (Menzel 1983).  

It is unlikely that significant reductions in nutrient loading to surface waters will be achieved 
through traditional, in-field management practices alone (Dinnes et al. 2002). The Federal 
government in the United States has developed the Conservation Buffer Initiative, a public-private 
program with the goal to assist in the establishment of 3.2 million km of conservation buffers, 
mainly through the use of the continuous United States Department of Agriculture (USDA) 
Conservation Reserve Program. A number of different practices that reduce surface movement of 
soil and agricultural chemicals by wind and/or water have been developed. These include such 
practices as: alley cropping, constructed wetlands, cross-wind trap strips, field borders, filter strips, 
riparian forest buffers, vegetative barriers, and windbreaks and shelterbelts, to name a few. The 
effectiveness of most of these practices can be improved if they are used in combination throughout 
the landscape. Even with these management tools in place, Lowrance et al. (2002) suggest that key 
knowledge gaps still exist and that continued research is needed to continue to refine existing and 
develop additional conservation buffer designs. 
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Filter strips and riparian forest buffers are designed as ecotones between upland and aquatic 
ecosystems. Filter strips consist of combinations of grasses and forbs while riparian forest buffers 
usually consist of three zones consisting of an unmanaged woody zone adjacent to the water body 
followed upslope by a managed woody zone and bordered by a zone of grasses with or without 
forbs (Isenhart et al. 1997). The major objectives of filters are to remove nutrients, sediment, 
organic matter, pesticides, and other pollutants from surface runoff and groundwater by deposition, 
absorption, plant uptake, denitrification, and other processes, and thereby reduce pollution and 
protect surface water and subsurface water quality while enhancing the ecosystem of the water 
body. Riparian forest buffers have the same objective plus the additional ones of: a) creating shade 
to lower water temperature to improve habitat for aquatic organisms, and b) providing a source of 
detritus and large woody debris for aquatic organisms and habitat for wildlife (USDA-NRCS 2003). 
These buffers may be the only major perennial plant communities along intermittent streams 
(channels that carry water only during the wet part of the year) and some first order streams (with 
no tributaries). Because of the small size of the stream, cultivation can be easily and relatively 
safely carried on right down to the channel bank putting the stream in direct contact with the 
cultivated field source of NPS pollutants. The easy access of sediment and chemicals to surface 
waters in these small watersheds make them the major source of NPS pollutants in larger 
watersheds. It is these small watersheds that should be targeted first for buffer installation if major 
reductions in pollutants are to be accomplished. 

This paper will describe the structure and design and of riparian forest buffers and grass filters 
based on work that has been conducted in the Bear Creek Watershed in central Iowa, United States 
(42°11´N, 93º30´W). Because of the extensive research and demonstration activities that have been 
conducted for more than a decade, this watershed has been designated as a National Restoration 
Demonstration Watershed by the interagency team implementing the Clean Water Action Plan 
(1999) and as the Bear Creek Riparian Buffer National Research and Demonstration Area by the 
USDA (1998). 

DESIGNING RIPARIAN BUFFERS AND FILTERS 

For a buffer or filter system to be effective it must fit the landscape and meet the landowners 
objectives. This requires that an assessment of the site be conducted to determine, among other 
things: a) the order of the stream and whether it is naturally meandering or channelized; b) whether 
it is in contact with its flood plain so that it flood naturally every 1.5-2 years or whether it is incised 
and deepening and/or widening (Schumm et al. 1984); c) what the land-use is immediately adjacent 
to the channel and whether it is plant material that could be incorporated into a buffer design; d) 
whether are significant area of concentrated flow entering the buffer zone; and e) whether there are 
any drainage tiles emptying into the channel that would flow below the buffer. 

The next step before designing the buffer would be to identify the concerns and objectives of the 
landowner(s) involved in the project. Typical questions that landowners ask include: a) can buffers 
or filters heal gullies, slow bank erosion and/or stop the channel from meandering; b) will planted 
trees fall into the creek and block the movement of water; c) are grass filters just as effective as 
forest buffers in reducing the movement of sediment and pollutants to the stream; d) will the buffers 
and/or filters bring unwanted wildlife to the farm that may impact crop production or compete with 
livestock for forage; e) how much land will be taken out of crop or livestock production and how 
will lost revenues be recouped; and e) is there much maintenance or management needed to 
maintain the effectiveness of the buffers? 

Once landowner objectives have been identified and the present condition of the riparian zone 
has been determined, you are ready to identify the functions of a buffer that are needed on the site. 
In many cases simply installing a buffer system may not address all of the problems that have been 
identified. For example, if stream banks are vertical, and if roads, structures or other valuable 
property is being threatened by stream bank erosion, then stream bank bioengineering techniques be 
needed in addition to riparian buffers (Figure 1). In-stream structures such as boulder weirs or riffle 
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structures may also be used to help stabilize both the stream banks and the channel bed. If field 
drainage tiles pass through the riparian zone you might consider developing a wetland to intercept 
the flow before it enters the stream. Biological activity in the wetland can effectively remove a 
number of the primary chemical pollutants threatening surface waters (Crumpton 2001). In other 
words, a riparian management system with other practices besides buffers and/or filters may be 
required to address the major problems of the site. While these practices may be essential to fully 
addressing site conditions, this paper will focus only on design and function of riparian buffers and 
filters. 

The traditional riparian forest buffer consists of three zones (Figure 2). The first zone is 
unmanaged forest that provides shade and large woody debris to the stream. The second zone 
consists of forest that is managed as a nutrient sink with systematic harvests to remove trees. The 
third zone consists of a grass and/or grass-forb filter strip that intercepts and slows the usually 
concentrated surface runoff from adjacent fields and spreads it over a wider front to move more 
slowly through the riparian buffer. 

 

Figure 1. A riparian management system including from top right: streambank bioengineering, in-stream boulder weir 
structures, intensive rotational grazing, constructed wetlands and riparian buffer. Source: Reprinted, with permission, 

from Schultz et al. (2000).  © 2000 by American Society of Agronomy 

In relatively flat landscapes where stream have little slope landowners often are concerned that 
large woody debris from zone 1 will dam up water and slow its movement from a landscape where 
excess water may flood crop land or back up drainage tile systems. This concern can be addressed 
by viewing the riparian forest buffer as a three zone system where all the zones are managed by 
harvesting at appropriate times. To provide further design flexibility the system that we have 
developed introduces shrubs as a viable component of the buffer (Figure 3). The beauty of this 
model is that zone widths and vegetation can be mixed and matched to site conditions and 
landowners objectives.  

Each of the plant three plant communities provide a number of functions that should be 
considered during the design process. These are listed in Table 1. These three plant zones can be 
planted to any of the three plant communities and these can be mixed in a variety of combinations 
to best implement the riparian functions needed at a specific site (Figure 4). The use of this one 
model with its combinations of plant material and zones can address both the filter strip and forest 
riparian buffer designs. Specific design selections will usually be determined by such features as 
stream channel incision and bank conditions and long-term desires of the landowner for potential 
forage or wood fiber production. A few examples are presented to demonstrate a variety of 
applications. 
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Figure 2. The traditional three zone riparian buffer. Source: Reprinted, with permission, from Schultz et al. (2000).   
© 2000 by American Society of Agronomy. 

 

Figure 3. A three zone multispecies riparian buffer with tree, shrub and grass/forb zones.  Source: Reprinted, with 
permission, from Schultz et al. (2000).  © 2000 by American Society of Agronomy. 

The combination depicted in top row of Figure 4 is a grass/forb filter strip and is effective in 
narrow buffers along intermittent and first order streams in row-crop or grazing landscapes where 
shading of adjacent crops is a concern or where warm-water prairie fisheries are being managed. 
Species options include non-native cool-season forage grasses that could provide forage harvests, 
or, if fenced, could be flash-grazed several times a year. Native warm-season grasses and forbs 
provide another option if prairie restoration and grassland bird-habitat are desired or if serious 
surface runoff problems exist. If the stream bank is gently sloped (slopes of 6:1) and the channel not 
deeply incised, then either of the grass species options would be effective. As the banks become 
steeper (slopes 4:1) and the channel more incised, the native prairie species would provide more 
bank- stability control because of deeper roots.  

The system depicted in the second and third rows of Figures 4 can also be used in a headwaters 
reach (first order stream) along a warm-water fishery in a crop-field landscape. The advantage of 
shrubs over trees is that they do not shade the stream and do not provide large woody debris that 
may back up water that landowners may not want. The shrubs would provide stream bank stability 
on channels that are incised with steep banks (slopes 4:1 to 3:1). Depending on the severity of the 
incision, the shape of the banks and the dynamics of the channel both the stream-edge zone (zone 1) 
and the second zone could be planted to shrubs recognizing that some of the shrubs in the first row 
might be lost to bank erosion before shrubs roots are strong enough to be effective. Shrubs could 
also be planted with grasses and forbs along streams that flood frequently and carry large quantities 
of debris that the shrubs could effectively trap. 

 

 Multispecies Riparian Buffer 
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Table 1. Functions of the grass, shrub and tree components of riparian buffers. Reprinted, with permission from Schultz 
et al. (2004). © Agroforestry Systems, Kluwer Publishers. 

Kind of Plant Functions 

Prairie grasses/forbs 

1. Slow water entering the buffer 
2. Trap sediment and associated chemicals 
3. Add organic carbon to a range of soil depth 
4. Added carbon improves soil structure & infiltration 
5. Above ground nutrient sink needs annual harvest 
6. Provide diverse wildlife habitat 
7. Do not significantly shade the stream channel 
8. Provide only fine organic matter input to stream 
9. Can provide forage and other products 

Shrubs 

1. Multiple stems act as a trap for flood debris 
2. Provide woody roots for bank stabilization 
3. Litter fall helps improve surface soil quality  
4. Above ground nutrient sink needs occasional harvest 
5. Adds vertical structure for wildlife habitat 
6. Do not significantly shade the stream channel 
7. Provide only fine organic matter input to stream 
8. Can provide ornamental products and berries 

Trees 

1. Strong, deep woody roots stabilize banks 
2. Litter fall helps improve surface soil quality 
3. Long-lived, large nutrient sink needs infrequent harvest 
4. Adds vertical structure for wildlife habitat 
5. Vertical structure may inhibit buffer use by grassland birds 
6. Shade stream, lower temperature & stabilize dissolved oxygen 
7. Provide fine & large woody debris to the channel 
8. Can provide a wide variety of fiber products 

 

Figure 4. Vegetation combinations in a three zone buffer system. The crop field is on the left and the stream is on the 
right. Vegetation zones can vary in width in addition to species and species of trees, shrubs and grasses can vary within 

a zone. Reprinted, with permission from Schultz et al. (2004). © Agroforestry Systems, Kluwer Publishers. 

Trees should be planted along streams that are deeply incised and in the widening phase of the 
channel-evolution model (Schumm et al. 1984), when maximum aboveground nutrient storage is 
desired, cooler, more stable stream temperatures are desired, and/or when the land owner wants 
maximal structural habitat diversity, a woody fiber crop, or wind protection. The bottom three rows 
of Figure 4 depict a variety of combinations in which trees could be used. Combinations of trees 
and shrubs provide the most diverse vertical and horizontal structure for habitat and can effectively 

  Grass 

 Shrubs 

 Trees 
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keep woody and other flood debris within the woody zone of the buffer (Schultz et al. 1995). 
Shrubs could be planted in zone 1 adjacent to the stream bank where the landowner wants woody 
products and other tree benefits but does not want the tree influence on the channel, including input 
of large woody debris. Trees could be planted in both zones 1 and 2 in naturally forested landscapes 
with cold-water fisheries especially where streams have significant channel slope and can benefit 
from large woody debris inputs. Planting trees in both zones also provides the largest potential 
aboveground nutrient sink that can be harvested on a long-term basis. By being sensitive to 
microsite conditions, a wide variety of tree species can be planted to provide a variety of fiber 
product options to the landowner. All three zones could be planted to trees in riparian pastures. In 
this setting surface runoff laden with sediment is not a major concern but limiting access of 
livestock to the stream channel providing bank stability is. With the proper spacing, such a planting 
could be managed as a silvopastoral system with rotational grazing to control the time livestock 
spend on stream banks and in the channel. 

The tree-shrub combination could also be effective in urban settings with widely spaced rows 
between which trails could be placed. The more open, wider spacing would provide a more 
expansive visual experience and a safety factor for trail users. 

Finally, in planting any of the combinations shown in Figure 4 it is important to work with the 
landowner to maximize their acceptance of the system. This means that buffer edges should be 
smooth and straight or as gently curving as possible to accommodate the large field equipment that 
many farmers use. Zone widths should be modified to optimize the smoothness of the borders. 
When working in agricultural landscapes, buffer edges should be as straight or gently curving as 
possible to accommodate farming practices. Differences in buffer width to accommodate smooth 
edges can be absorbed by either the woody or the grass-forb zones, depending on the site. In those 
landscapes where surface runoff is more problematic than stream bank stability, maintaining a 
wider grass-forb zone would be favored over a wider tree-shrub zone. In tightly meandering 
reaches, the buffer should be placed outside of the channel meander belt. The areas within the 
meanders as well as other small odd-sized areas provide ideal opportunities for developing prime 
wildlife habitat. Along channelized streams, buffers should be as wide as possible to accommodate 
the future re-meandering of the channelized reach. The landowner is more likely to allow the re-
meandering if the adjacent riparian area is no longer being used for crop production.  

The potential also exists in any buffer planting to include agroforestry options. These might 
include planting horticultural varieties of shrubs for making jams, selling nuts, or providing 
ornamental woody material for home decorating. Fruit or nut trees could also be planted. These 
options may provide unique opportunities for small-truck farmers or hobby farmers but may not suit 
grain and livestock farmers who often do not have the time to invest in such plantings. The potential 
also exists that these more expensive plants could be severely damaged during flood events and a 
substantial investment in time and money could be lost. 
This paper has tried to demonstrate the importance of providing as much flexibility as possible 
when designing buffers to fit specific landscapes and landowner objectives. The benefits of 
flexibility are to design unique systems that provide the optimal function for a given site. However, 
recommending flexible designs acknowledges the fact that more time is needed to create the unique 
designs. Including such flexibility in government sponsored conservation programs is a challenge to 
those who write and administer the regulations of these programs. In the long-run, however, buffers 
that are more accepted by their landowners and specifically designed for function and spatial site 
variability should result in an optimal combination of reduced NPS pollution, increased habitat for 
wildlife and alternative income streams for the landowners. 
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