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The purpose of this project is to gather, summarize, and present the available
information on nitrogen and phosphorus uptake rates by buffer zone vegetation.  The literature
review was conducted in the disciplines of forestry, agriculture, and horticulture.  This
undertaking was conducted because of the lack of a well indexed reference guide on this topic. 
The main purpose of vegetative buffer strips is to reduce the nutrient load entering streams and
rivers.  Buffer strips can decrease the nutrient load by trapping nutrients bound to the sediments
in overland flow.  These trapped nutrients become sequestered in the buffer zone and are
available for root uptake along with the nutrients in solution in the overland and subsurface
flow.  Each plant species has different nutrient requirements and therefore has its own distinct
nutrient uptake rate.  The extensive literature search produced results of direct nutrient uptake
and/or related information on optimal fertilizer requirements.  The most useful results are
summarized, ranked, and presented as tables in Appendix A of this report.  The individual
findings from the literature are given in Appendix B.  Tables are presented for each of the
categories of plants which are appropriate for the typical 3-zone design of buffer strips.  The
highly variable nutrient uptake rates among all the plant species cited in this report supports the
need for species specific planting of buffer zones rather than allowing opportunistic
colonization of buffer zones. 

II. Introduction

The purpose of this project is to review, synthesize, and present the available
information on nitrogen and phosphorus uptake rates by plants suitable for riparian vegetated
buffer strips.  This information would help alleviate the problem of nitrogen and phosphorus
uptake information not being readily available to those individuals who are responsible for
designing functional buffer zones.  This report with nitrogen and phosphorus uptake rates for a
wide variety of plant species could facilitate the addition of nutrient removal effectiveness as a
factor to consider in addition to the conventional elements of buffer zone management such as
slope, soil type, and land use.  This work contributes to buffer zone management because it is
the first known attempt at summarizing the literature on nitrogen and phosphorus uptake rates.

A goal of this study was to try to identify some plant species which should be included
in buffer zones because of their relatively high uptake rates of nitrogen and phosphorus.  The
managed planting of buffer zones can be supported over random colonization by demonstrating
that plant species do exhibit significant differences in their uptake of nitrogen and phosphorous.

III. Literature Search and Professional Contacts

The literature search included holdings of the AGRICOLA database of the National
Agricultural Library, the American University, the University of Maryland, the National Library
of the Agricultural Research Service, and the LIAS computer data base at The Pennsylvania
State University libraries.  Knowledgeable professionals were contacted at the Chesapeake Bay
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Program Office and in the fields of agronomy, soils, and forest hydrology at The Pennsylvania
State University (PSU).  Dr. Dick Fox in Agricultural Sciences at PSU gave background
information on corn uptake rates.  Dr. Douglas Beegle in the Agronomy Department provided
tables of information concerning uptake rates by various crops.

Dr. Pamela Edwards at the Northeastern Forest Experiment Station in Fernow, West
Virginia supplied background information through multiple personal communications.  Mr.
Todd, a Forest Service Representative to the Environmental Protection Agency, provided an
indexed riparian zone bibliography compiled by David Correll.  Several references were
obtained from Ms. Karen Sykes, a Watershed Specialist for the USDA Forest Service in
Morgantown, WV.

IV. Overall Purpose of Buffer Zone Research

Buffer zone research began as a means of solving the problem of detrimental amounts of
nitrogen entering surface waters, caused primarily by agricultural nutrient runoff.  High levels of
nitrogen in water supplies can have a negative effect on human health.  High levels of nutrients
in surface waters degrade the habitat for fish and other aquatic organisms.  The increased
nitrogen levels can cause the rapid growth of algae in rivers, lakes, and estuaries.  The presence
of large quantities of algae reduces the amount of light which penetrates beneath the water
surface potentially causing the death of aquatic plants which are essential to fish communities
for breeding habitat, cover, and as a food source.  When the algae begin to decompose,
dissolved oxygen which is critical for the survival of aquatic fauna is depleted from the water. 

Buffer zones have the potential to stop this destructive cycle of events from occurring by
preventing the primary nutrients (nitrogen and phosphorus) causing the algal growth from ever
entering surface waters.  The two main mechanisms of nitrogen retention by buffer zones is
vegetative uptake and bacterial denitrification.  Vegetative uptake is the focal mechanism of this
study.

Buffer zones also prevent nutrients, especially phosphorus, from entering surface waters
by trapping of sediment carried by overland flow.  Studies of grass filter strips have shown that
trapping efficiencies of sediments only exceed 50% when there is shallow (sheet) flow rather
than concentrated (channeled) flow.  However, the flow most common to field conditions is
channeled flow (Dillaha et al. 1989).  A combination of grass filter strips with a woody riparian
buffer zone may be more useful, because riparian forest buffer zones have the potential to
absorb and trap as much or more sediment than grass filter strips alone (Cooper et al. 1987).  A
three stage strip with mature trees immediately adjacent to the water, then a woody managed
strip of trees and shrubs, and finally leaf and stem grasses farthest from the water body is the
current preferred strip design.  The managed portion of the buffer strip is critical because it
affords a means of exporting the nutrients out of the buffer strip in the harvested woody tissue. 
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The young developing trees in the managed strip also take up more nutrients at that life stage
than mature trees. 

Phosphorus is normally attached to the soil particles.  The trapped phosphorus can be
absorbed by the roots of the buffer zone vegetation along with dissolved nitrogen in overland
and subsurface flow.  Buffer zones not only maintain the chemical quality of a water body, but
they also serve to preserve the physical quality by reducing sediment deposition.  The roots of
the woody vegetation stabilize stream banks and shorelines, and eliminate soil erosion and
subsequent nutrient mobilization from those sources.  

V. Nitrogen and Phosphorus Retention by Buffer Strips

Most of the buffer strip literature describes the nutrient retention by entire systems and
does not distinguish uptake rates on a species specific basis.  However, it is useful to cite the
nitrogen and phosphorus retention rates of whole buffer zones to gain an appreciation of their
retention capacities as composite systems.  Cooper at al. (1986) reported that a riparian strip
on the coastal plain of North Carolina retained 85% of the nitrate leaving an adjacent field edge. 
Riparian forests on Maryland's Rhode River watershed retained 80% of the phosphorus and
89% of the nitrogen from adjacent agricultural land (Peterjohn and Correll 1984).  Lowrence et
al. (1984) calculated that 68% of incoming nitrogen and 30% of incoming phosphorus were
retained by a riparian forest in the Little River watershed in the Tifton upland province of the
Georgia coastal plain.  Cooper et al. (1987) estimated that 84 to 94% of the sediment removed
from the cultivated fields remained in the Cypress Creek watershed on the coastal plain of
North Carolina.  These sediment trapping capabilities are important with respect to nutrient
fluxes because phosphorus is normally found bound to soil particles.

Nitrogen retention is well documented during the summer months as evidenced by some
of the cited sources, but there is little information on the potential of winter retention.  Haycock
and Pinay (1993) report that winter retention of nitrate is critical, since 80% of the nitrate
leached from agricultural soils is concentrated during this season.  This high nitrate leaching in
the winter is caused by a combination of bare fields and low evapotranspiration rates.  The
lower temperatures in winter are less favorable to denitrification, and dormant or dead plants
provide less uptake of water and nutrients (Cooper et al. 1986).  

On the River Leach in southern England, a poplar (Populus italics) vegetated riparian
strip retained 99% of the nitrate entering in subsurface groundwater flow during the winter.  A
grass (Lolium perenne L.) vegetated zone on the same river retained 84% of the incoming nitrate
(Haycock and Pinay 1993).  Although vegetation has no active role in nutrient uptake in the
winter, the above ground vegetative biomass contributes carbon to the soil microbiological
community that is primarily responsible for nitrate retention in the winter.  This explains why
the poplar vegetated site, with the greater surface biomass, retained more nitrate than the grass
site (Haycock and Pinay 1993).
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Few studies focused on the relative nitrogen retention capacities of different vegetation
types.  Osborne and Kovacic (1993) compared the nitrogen retention capacities of a grass
buffer strip and a forest buffer strip and found the grass strip was more variable and less
effective in filtering nitrogen than the forest strip.

VI. Discussion of Results (Tables)

The three zone buffer strip
The plant uptake rates for nitrogen and phosphorus were placed into three categories:

forest canopy species, forest understory-shrub-forb-fern species, and herbaceous species.  These
categories account for those plant species which may be included in a 3 zone buffer strip
(Welsch 1991).  Zone 1 consists of undisturbed forest and contains mostly mature trees which
stabilize the water’s edge and provide shade to maintain generally beneficial lower water
temperatures.  There is nutrient uptake occurring in this zone, but not to the extent of zone 2
(the shrub/managed woody species).  Zone 2 consists of vigorously growing trees and shrubs
which are periodically cut as they approach maturity.  This is the zone of maximum nutrient
uptake because younger trees require more nutrients for growth than mature trees.  Zone 3
consists of a grass filter strip where concentrated flows from adjacent cropland may be
converted to dispersed flows by the installation of water bars or spreaders.  This grass filter strip
may be periodically harvested or grazed upon to facilitate maximum nutrient uptake and
removal (Welsch 1991).  

The concept of a stream side forest buffer exists as a potential mechanism for decreasing
the amount of excess applied nutrients from entering water bodies.  If more nutrients were
excluded at their source (fertilizer applications), the need for stream side buffers could be
reduced.

Fertilizer, plant uptake, and nutrient requirements
Generally, nitrogen and phosphorus are the limiting nutrients for plant survival and

growth.  Therefore, if the availability of these nutrients is increased, plant uptake will also
increase (to a point).  Rychnovska (1993) demonstrated this in his fertilizer application
experiments with a native grass meadow in the Czech Republic.  Corn also increased its uptake
of nitrogen as more was applied (Tanji et al. 1981, Barber and Olson 1968).  Frissel (1977)
reports that wheat increased its nitrogen uptake at higher fertilization levels.  Forest species are
also nitrogen and phosphorus limited.  Increased nitrogen and phosphorus uptake occurs to a
certain point and after that point is reached some other nutrient, environmental factor, or the
plant’s maximum growth rate becomes the agent limiting growth.  Once nitrogen and
phosphorus are no longer the limiting nutrients any additional fertilizer applications will most
likely contribute to nutrient runoff into nearby water bodies.  Fertilizer nutrient requirements
for maximum growth without excess are unique to each vegetative species.  Riparian zones are
planned and established to reduce nutrient input to streams, and since the exact nutrient
requirements of all forest/shrub/grass species is not known, this study has made the assumption
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that a good estimate for buffer zone species nutrient requirements exists as the fertilizer
requirements of those species, where available.  Included in the following tables are vegetative
species, some with maximum recommended fertilizer amounts.  Fertilizer amounts are
indicated as such, and are to be used as approximate surrogates for nutrient uptake rates of
those species, or to establish relative ranking of nutrient uptake among species.

Nitrogen and phosphorus uptake in forest canopy species
Deciduous trees have greater nutrient demands than conifers (Cole and Rapp 1981). 

This is due to the fact that deciduous trees have to compensate for the nutrient losses caused by
annual leaf loss.  Vegetative uptake is defined as the absorption of nutrients principally by the
roots (Duvigneaud and Denaeyer-DeSmet 1970).  Certain species may have high uptake rates
but may only retain a small proportion of nutrients.  These are not as useful in a buffer strip as
species that may have lower nutrient uptake rates but retain a greater proportion of the
absorbed nutrients.  A recent publication of the US Department of Agriculture, USDA Forest
Service, titled Chesapeake Bay Riparian Handbook: A Guide for Establishing and Maintaining
Riparian Forest Buffers (Palone and Todd, 1997) includes a large list of riparian species
suggested for planting in Riparian zones of the Mid-Atlantic, Northeastern United States.  This
study attempted to use this USDA established species list as the basis for the following tables
showing the amounts of phosphorus and nitrogen removed from the soil by various species. 
Table A-1 in Appendix A shows the amounts of nitrogen and phosphorus removed by forest
canopy species from soil in pounds per acre per year, as well as the relative uptake of some
species as indicated in the literature.  When one is planning a buffer strip the local soil moisture
conditions must be taken into account, because certain tree species may experience inhibited
growth or even expire in wet soils.   Slope, plant species-species interactions, soil depth, soil
type, and depth of root zone are also important factors when developing plans for riparian
buffer strips.  The limited research existing for nutrient and fertilizer requirements for riparian
species is reflected in Table A-1 in Appendix A as well as other tables in this study.  Most
values for individual species listed in the tables represent information from one or two studies
on nutrient or fertilizer requirements.  Therefore, all values should not be viewed as thoroughly
representative.  In the case of recommended fertilizer values, studies often specify their test
fertilizer application rates in large increments (e.g. 0, 50, 100, 200 lbs/acre/yr), therefore, the
results may be quite coarse.  Thus, the optimal fertilizer requirement may be between, say, 50
and 100 lbs/acre/yr.  Table A-1 in Appendix A includes some values which are averages of
several unknown species of the same genus.

Sykes et al. (1994), in their publication Crop Tree Management in Riparian Zones, cite
that red and white oak, red maple and quakeing aspen accumulate substantial amounts of
nitrogen, but only to a point.  Once their nitrogen requirements are met, growth and absorption
of nitrogen level off.  Douglas fir, white ash, basswood, and yellow poplar also increase their
nitrogen uptake if increased available nitrogen is present. 

Forest understory-shrub-forb-fern species
Table A-2 in Appendix A indicates the possibility that small understory species and

shrubs may have the capacity to remove large amounts of nitrogen.  The high growth rate of
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some young understory species may contribute to their high nutrient uptake.  It is apparent,
however, that there exists very little literature on nutrient or fertilizer requirements for these
types of species.  

Herbaceous species
Table A-3a in Appendix A shows the nitrogen, and Table A-3b in Appendix A shows the

phosphorus uptake of herbaceous species ranked by decreasing nutrient uptake levels. Species
with recommended fertilizer values are indicated by the sub-letter “a.”  Many species are listed
as pounds per ton, since values for individual units planted per acre are unknown, and therefore
cannot be converted to pounds per acre per year.  Clover, Alfalfa, Gamagrass and Tall Fescue
appear to have some of the highest rates of nutrient uptake.  It is interesting to note that in
order to maximize some plant-species ratios for maximal productivity, some planted species
such as Tall Fescue/White Clover require little if any fertilizer.  This seems to indicate that this
crop has maximal productivity at low nutrient levels, or that the legume partner is fixing
atmospheric nitrogen, thus indicating that this species/species combination may not be suitable
for riparian buffer zone 3.  Legumes and some non-legumes possess the property of increasing
soil and plant nitrogen by the action of associated root zone bacteria which fix atmospheric
nitrogen; therefore, these species, although perhaps high in nitrogen content, may not be
deriving that nutrient from either overland or shallow groung water flow.  Thus, these species
may not deserve their rank as interceptors of nitrogen in water destined for nearby water bodies. 
Tables A-4a and A-4b also show nitrogen and phosphorus uptake of herbaceous species, but are
ranked alphabetically by species common name.  

VII. Summary and Conclusions

This presentation of nitrogen and phosphorus uptake rates by various plant species will
hopefully serve as a reference guide for those individuals who are interested in the efficient
performance of buffer strips.  The importance of including the vegetative uptake of nutrients in
the design of functional buffer strips seems apparent.  Various researchers (i.e. Lowrance et al.
1984, Peterjohn and Correll 1984, Cooper et al. 1986) have shown that buffer zones can retain
up to 89% of the nitrogen and 80% of the phosphorus from adjacent agricultural land. The
differences in nitrogen and phosphorus uptake among species expressed in this report are
substantial enough to warrant species-specific planting and management of buffer strips.  Given
that a number of buffer species are equally available, the selection of plants characterized by
higher nutrient uptake is likely to provide greater efficiency than strips occupied by randomly
selected or naturally colonizing plants.  
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Appendix A.  Summary of Findings

Table A-1. Riparian canopy tree species and nitrogen/phosphorus amounts removed
(uptake).

Table A-2. Riparian understory, shrub, & fern species and nitrogen/phosphorus
amounts removed (uptake).

Table A-3a. Herbaceous species ranked by amounts of nitrogen removed (uptake).

Table A-3b. Herbaceous species ranked by amounts of phosphorus removed (uptake).

Table A-4a. Herbaceous species and amounts of nitrogen removed (uptake).

Table A-4b. Herbaceous species and amounts of phosphorus removed (uptake).



Table A-1. Riparian canopy tree species and nitrogen/phosphorus amounts removed (uptake).
Amount Nutrient

Removed (uptake)

Common Name Species Name Relative
uptake**

Nitrogen
(lbs/acre/yr)

Phosphorus
(lbs/acre/yr)

 American Beech  Fagus grandifolia * low P 
 Bald Cypress  Taxodium distichum * 24 
 Basswood  Tilia americana * high N,P
 Birch spp.  Betula spp. 8a 0.5a
 Douglas fir  Pseudotsuga menziesii 25b 4.7b
 Eastern Cottonwood  Populus deltoides * 149c
 European beech 15a 2a
 Hemlock  Tsuga sieboldii 39b
 Maple spp.  Acer spp. 51b 5.3b
 Oak spp.  Quercus spp. high N 26a 2.3a
 Pine spp.  Pinus spp. 8a 0.7a
 Quaking Aspen high N
 Red Alder  Alnus rubra 86b 9b
 Red Maple  Acer rubrum * high N
 Red oak  Quercus rubra * high N
 Spruce spp.  Picea spp. 10a 1a
 White ash  Fraxinus americana * high N
 White oak  Quercus alba * high N
 Yellow poplar  Liriodendron tulipifera * high N, P 20a 0.8a
 Red Maple, Blueberry,   
 Sweet pepperbush,        
 Swamp azalea,
 Inkberry

 Acer rubrum, Vaccinium   
 corymbosum, Clethora     
 alnifolia, Rhododendron   
 viscosum, Ilex glabra

 * 107b

Table A-2. Riparian understory, shrub, & fern species and nitrogen/phosphorus
amounts removed (uptake).

Amount Nutrient
Removed (uptake)

Common Name Species Name Relative
uptake

Nitrogen
(lbs/acre/yr)

Phosphorus
(lbs/acre/yr)

 Flowering Dogwood  Cornus florida * high P 100-200c
 Highbush blueberry  Vaccinium crymbosum * 62c
 Smartweed  Persicaria polygonum * 100c

a  value is average net uptake after litterfall losses are excluded
b  value is average uptake before litterfall loss
c  pounds of nutrient fertilizer recommended per acre per year
**  from Sykes, et. al. 1994, whereas quantitative amounts are combined from several studies
*   indicates species is recommended for riparian zone establishment in Palone, R.S. et al.  1997.
spp  indicates all species of given genus



Table A-3a.  Herbaceous species ranked by amounts of nitrogen removed (uptake).

Amount Nitrogen Removed
(uptake)

Common Name Species lbs/ton lbs/acre/year
 Clover, white (15m)  Trifolium spp. 49-66
 Alfalfa (15m)  Medicago sativa 34-65
 Bromegrass (15m)  Bromus spp. * 14-60
 Tall Fescue (15m)  Festuca arundinacea * 14-54
 Bermudagrass (15m) 14-53
 Timothy (15m)  Phleum pratense 14-44
 Clover, white (75m)  Trifolium spp. 18-23
 Bluestem  Andropogen gerardi/scoparius * 10-27
 Soybean, straw (10m)  Glycine spp. 13-18
 Alfalfa (75m)  Medicago sativa 10-20
 Barley, straw (10m) 10-16
 Oat, straw (10m)  Avena spp. 9-15
 Tall Fescue (75m)  Festuca arundinacea * 5-18
 Bromegrass (75m)  Bromus spp. * 4-19
 Bermudagrass (75m) 5-17
 Wheat, straw (10m)  Triticum aestivum 7-15
 Rye, straw (10m)  Hordeum spp. 6-12
 Timothy (75m)  Phleum pratense 4-13
 Corn, silage (70m)  Zea mays 6-9

 Lucerne 281b
 Switchgrass  Panicum virgatum * 200a
 Tall Fescue  Festuca arundinacea * 174-179a
 Eastern gamagrass 3s  Tripsacum dactyloides * 78-138b
 Tall Fescue  Festuca arundinacea * 89b
 Eastern gamagrass 6s  Tripsacum dactyloides * 36-122b
 Big Bluestem, little Bluestem,  
               Indiangrass

 Andropogon gerardi,
 Andropogon scoparius,
 Sorghastrum nutans

* 40a

 Grass-clover  Festuca pratensis,
 Phleum pratensis 32b

 Grass  Nardus stricta, sanquisarba 23b
 Tall Fescue & White Clover  Festuca arundinacea,

 Trifolium spp. 0a

a    pounds of nutrient fertilizer recommened per acre per year.
b    pounds of nutrient uptake per acre per year
m   percent moisture content of species
3s   three year old stand
6s   six year old stand
*    indicates species is recommended for riparian zone establishment in Palone, R.S. et al.  1997.
spp  indicates all species of given genus



Table A-3b.  Herbaceous species ranked by amounts of phosphorus removed (uptake).

Amount Phosphorus
Removed (uptake)

Common Name Species lbs/ton lbs/acre/year
 Alfalfa  Medicago sativa 22-112a
 Clover-grass  Festuca pratensis,

 Phleum pratensis
22-85a

 Tall Fescue & white clover  Festuca arundinacea, 
 Trifolium spp.

46-48a

 Tall Fescue  Festuca arundinacea * 13-39a
 Grass-clover  Festuca pratensis,

 Phleum pratensis
4.8b

a   pounds of nutrient fertilize recommened per acre per year.
b    pounds of nutrient uptake per acre per year
m  percent moisture content of species
3s  three year old stand
6s  six year old stand
*    indicates species is recommended for riparian zone establishment in Palone, R.S. et al.  1997.
spp  indicates all species of given genus



Table A-4a.  Herbaceous species and amounts of nitrogen removed (uptake).

Amount Nitrogen Removed
(uptake)

Common Name Species lbs/ton lbs/acre/year
 Alfalfa (15m)  Medicago sativa 34-65
 Alfalfa (75m)  Medicago sativa 10-20
 Barley, straw (10m) 10-16
 Bermudagrass (15m) 14-53
 Bermudagrass (75m) 5-17
 Big Bluestem, little Bluestem,
 Indiangrass

 Andropogon gerardi,
 Andropogon scoparius,      
 Sorghastrum nutans

* 40a

 Bluestem  Andropogen
 gerardi/scoparius

* 10-27

 Bromegrass (15m)  Bromus spp. * 14-60
 Bromegrass (75m)  Bromus spp. * 4-19
 Clover, white (15m)  Trifolium spp. 49-66
 Clover, white (75m)  Trifolium spp. 18-23
 Corn, silage (70m)  Zea mays 6-9
 Eastern gamagrass (3s)  Tripsacum dactyloides * 78-138
 Eastern gamagrass (6s)  Tripsacum dactyloides * 36-122
 Grass  Nardus stricta,    

sanquisarba
24b

 Grass-clover  Festuca pratensis,
 Phleum pratensis 33b

 Lucerne 281b
 Oat, straw (10m)  Avena spp. 9-15
 Rye, straw (10m)  Hordeum spp. 6-12
 Soybean, straw (10m) 13-18
 Switchgrass  Panicum virgatum * 200a
 Tall Fescue  Festuca arundinacea * 89b
 Tall Fescue  Festuca arundinacea * 174-179a
 Tall Fescue (15m)  Festuca arundinacea * 14-54
 Tall Fescue (75m)  Festuca arundinacea * 5-18
 Tall Fescue & white clover  Glycine spp. 0a
 Timothy (15m)  Phleum pratense 14-44
 Timothy (75m)  Phleum pratense 4-13
 Wheat, straw (10m)  Triticum spp. 7-15

a   pounds of nutrient fertilizer recommened per acre per year.
b    pounds of nutrient uptake per acre per year
m  percent moisture content
3s  three year old stand
6s  six year old stand
*    indicates species is recommended for riparian zone establishment in Palone, R.S. et al.  1997.
spp  indicates all species of given genus



Table A-4b.  Herbaceous species and amounts of phosphorus removed (uptake)

Amount Phosphorus
Removed (uptake)

Common Name Species lbs/ton lbs/acre/year
 Alfalfa  Medicago sativa 22-112a
 Clover-grass  22-85a
 Grass  Nardus stricta, sanquisarba 3.8b
 Grass-clover  Festuca pratensis,

 Phleum pratensis 4.8b

 Tall Fescue  Festuca arundinacea * 13-39a
 Tall Fescue & white clover  Festuca arundinacea, Phleum 46-48a

a   pounds of nutrient fertilizer recommened per acre per year.
b   pounds of nutrient uptake per acre per year
m  percent moisture content
3s  three year old stand
6s  six year old stand
*    indicates species is recommended for riparian zone establishment in Palone, R.S. et al.  1997.
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Appendix B.  Summary of Literature Search

Table B-1. Forest canopy species.

Table B-2. Riparian understory, shrub, forb, fern species.

Table B-3. Herbaceous species.
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Table A-1. Riparian canopy tree species and nitrogen/phosphorus amounts removed (uptake).
Amount Nutrient

Removed (uptake)

Common Name Species Name Relative
uptake**

Nitrogen
(lbs/acre/yr)

Phosphorus
(lbs/acre/yr)

 American Beech  Fagus grandifolia * low P 
 Bald Cypress  Taxodium distichum * 24 
 Basswood  Tilia americana * high N,P
 Birch spp.  Betula spp. 8a 0.5a
 Douglas fir  Pseudotsuga menziesii 25b 4.7b
 Eastern Cottonwood  Populus deltoides * 149c
 European beech 15a 2a
 Hemlock  Tsuga sieboldii 39b
 Maple spp.  Acer spp. 51b 5.3b
 Oak spp.  Quercus spp. high N 26a 2.3a
 Pine spp.  Pinus spp. 8a 0.7a
 Quaking Aspen high N
 Red Alder  Alnus rubra 86b 9b
 Red Maple  Acer rubrum * high N
 Red oak  Quercus rubra * high N
 Spruce spp.  Picea spp. 10a 1a
 White ash  Fraxinus americana * high N
 White oak  Quercus alba * high N
 Yellow poplar  Liriodendron tulipifera * high N, P 20a 0.8a
 Red Maple, Blueberry,   
 Sweet pepperbush,        
 Swamp azalea,
 Inkberry

 Acer rubrum, Vaccinium   
 corymbosum, Clethora     
 alnifolia, Rhododendron   
 viscosum, Ilex glabra

 * 107b

Table A-2. Riparian understory, shrub, & fern species and nitrogen/phosphorus
amounts removed (uptake).

Amount Nutrient
Removed (uptake)

Common Name Species Name Relative
uptake

Nitrogen
(lbs/acre/yr)

Phosphorus
(lbs/acre/yr)

 Flowering Dogwood  Cornus florida * high P 100-200c
 Highbush blueberry  Vaccinium crymbosum * 62c
 Smartweed  Persicaria polygonum * 100c

a  value is average net uptake after litterfall losses are excluded
b  value is average uptake before litterfall loss
c  pounds of nutrient fertilizer recommended per acre per year
**  from Sykes, et. al. 1994, whereas quantitative amounts are combined from several studies
*   indicates species is recommended for riparian zone establishment in Palone, R.S. et al.  1997.
spp  indicates all species of given genus



Table A-3a.  Herbaceous species ranked by amounts of nitrogen removed (uptake).

Amount Nitrogen Removed
(uptake)

Common Name Species lbs/ton lbs/acre/year
 Clover, white (15m)  Trifolium spp. 49-66
 Alfalfa (15m)  Medicago sativa 34-65
 Bromegrass (15m)  Bromus spp. * 14-60
 Tall Fescue (15m)  Festuca arundinacea * 14-54
 Bermudagrass (15m) 14-53
 Timothy (15m)  Phleum pratense 14-44
 Clover, white (75m)  Trifolium spp. 18-23
 Bluestem  Andropogen gerardi/scoparius * 10-27
 Soybean, straw (10m)  Glycine spp. 13-18
 Alfalfa (75m)  Medicago sativa 10-20
 Barley, straw (10m) 10-16
 Oat, straw (10m)  Avena spp. 9-15
 Tall Fescue (75m)  Festuca arundinacea * 5-18
 Bromegrass (75m)  Bromus spp. * 4-19
 Bermudagrass (75m) 5-17
 Wheat, straw (10m)  Triticum aestivum 7-15
 Rye, straw (10m)  Hordeum spp. 6-12
 Timothy (75m)  Phleum pratense 4-13
 Corn, silage (70m)  Zea mays 6-9

 Lucerne 281b
 Switchgrass  Panicum virgatum * 200a
 Tall Fescue  Festuca arundinacea * 174-179a
 Eastern gamagrass 3s  Tripsacum dactyloides * 78-138b
 Tall Fescue  Festuca arundinacea * 89b
 Eastern gamagrass 6s  Tripsacum dactyloides * 36-122b
 Big Bluestem, little Bluestem,  
               Indiangrass

 Andropogon gerardi,
 Andropogon scoparius,
 Sorghastrum nutans

* 40a

 Grass-clover  Festuca pratensis,
 Phleum pratensis 32b

 Grass  Nardus stricta, sanquisarba 23b
 Tall Fescue & White Clover  Festuca arundinacea,

 Trifolium spp. 0a

a    pounds of nutrient fertilizer recommened per acre per year.
b    pounds of nutrient uptake per acre per year
m   percent moisture content of species
3s   three year old stand
6s   six year old stand
*    indicates species is recommended for riparian zone establishment in Palone, R.S. et al.  1997.
spp  indicates all species of given genus



Table A-3b.  Herbaceous species ranked by amounts of phosphorus removed (uptake).

Amount Phosphorus
Removed (uptake)

Common Name Species lbs/ton lbs/acre/year
 Alfalfa  Medicago sativa 22-112a
 Clover-grass  Festuca pratensis,

 Phleum pratensis
22-85a

 Tall Fescue & white clover  Festuca arundinacea, 
 Trifolium spp.

46-48a

 Tall Fescue  Festuca arundinacea * 13-39a
 Grass-clover  Festuca pratensis,

 Phleum pratensis
4.8b

a   pounds of nutrient fertilize recommened per acre per year.
b    pounds of nutrient uptake per acre per year
m  percent moisture content of species
3s  three year old stand
6s  six year old stand
*    indicates species is recommended for riparian zone establishment in Palone, R.S. et al.  1997.
spp  indicates all species of given genus



Table A-4a.  Herbaceous species and amounts of nitrogen removed (uptake).

Amount Nitrogen Removed
(uptake)

Common Name Species lbs/ton lbs/acre/year
 Alfalfa (15m)  Medicago sativa 34-65
 Alfalfa (75m)  Medicago sativa 10-20
 Barley, straw (10m) 10-16
 Bermudagrass (15m) 14-53
 Bermudagrass (75m) 5-17
 Big Bluestem, little Bluestem,
 Indiangrass

 Andropogon gerardi,
 Andropogon scoparius,      
 Sorghastrum nutans

* 40a

 Bluestem  Andropogen
 gerardi/scoparius

* 10-27

 Bromegrass (15m)  Bromus spp. * 14-60
 Bromegrass (75m)  Bromus spp. * 4-19
 Clover, white (15m)  Trifolium spp. 49-66
 Clover, white (75m)  Trifolium spp. 18-23
 Corn, silage (70m)  Zea mays 6-9
 Eastern gamagrass (3s)  Tripsacum dactyloides * 78-138
 Eastern gamagrass (6s)  Tripsacum dactyloides * 36-122
 Grass  Nardus stricta,    

sanquisarba
24b

 Grass-clover  Festuca pratensis,
 Phleum pratensis 33b

 Lucerne 281b
 Oat, straw (10m)  Avena spp. 9-15
 Rye, straw (10m)  Hordeum spp. 6-12
 Soybean, straw (10m) 13-18
 Switchgrass  Panicum virgatum * 200a
 Tall Fescue  Festuca arundinacea * 89b
 Tall Fescue  Festuca arundinacea * 174-179a
 Tall Fescue (15m)  Festuca arundinacea * 14-54
 Tall Fescue (75m)  Festuca arundinacea * 5-18
 Tall Fescue & white clover  Glycine spp. 0a
 Timothy (15m)  Phleum pratense 14-44
 Timothy (75m)  Phleum pratense 4-13
 Wheat, straw (10m)  Triticum spp. 7-15

a   pounds of nutrient fertilizer recommened per acre per year.
b    pounds of nutrient uptake per acre per year
m  percent moisture content
3s  three year old stand
6s  six year old stand
*    indicates species is recommended for riparian zone establishment in Palone, R.S. et al.  1997.
spp  indicates all species of given genus



Table A-4b.  Herbaceous species and amounts of phosphorus removed (uptake)

Amount Phosphorus
Removed (uptake)

Common Name Species lbs/ton lbs/acre/year
 Alfalfa  Medicago sativa 22-112a
 Clover-grass  22-85a
 Grass  Nardus stricta, sanquisarba 3.8b
 Grass-clover  Festuca pratensis,

 Phleum pratensis 4.8b

 Tall Fescue  Festuca arundinacea * 13-39a
 Tall Fescue & white clover  Festuca arundinacea, Phleum 46-48a

a   pounds of nutrient fertilizer recommened per acre per year.
b   pounds of nutrient uptake per acre per year
m  percent moisture content
3s  three year old stand
6s  six year old stand
*    indicates species is recommended for riparian zone establishment in Palone, R.S. et al.  1997.
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