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INTRODUCTION 
 

This is a technical review of the scientific literature to address the following 

questions and purposes: 

• Can native prairie grasses, wildflowers, forbs and trees be used safely for the final 

revegetation and stabilization of the Albany landfill cap?    

• Will native species grow on geotextile protected clay caps? 

• Will these plant species contribute, cause, or exacerbate failure of the geotextile clay 

cap?  If so, by what proven mechanisms? 

• Are native plant species equal or superior to stabilize and reduce the risks of failure 

of geotextile clay caps? 

• What are the growth and survival characteristics of native prairie grasses, flowers, 

shrubs and trees that confirm native species are compatible with landfill cap closure? 

• What characteristics of soil and landfill cap management will augment or detract from 

native species use for landfill cap closures? 

 

OVERVIEW OF SITE CLOSURE PLAN 

 When landfills are closed with a geotextile clay liner (GCL) and upper barrier 

protection subsoils to prevent water entry and subsequent mobilization of contaminants, 

the long-term integrity of the cap system is the paramount concern.  Usually, GCLs are 

covered by a minimum of three or four 6 inch soil lifts that are compacted in place, after 

clean compacted fill soil of variable thickness was placed on top of the waste.  In 

general, above the waste a lower barrier protection layer of fill soil, often 24” thick, 

supports a composite plastic liner of 60 mils thickness.  On top of the composite liner, a 

gravel or drainage composite layer is connected to a subsurface drainage system within 

the cap to move water off the landfill cap safely.  Then an upper barrier protection layer 

(UPBL) of 18 to 24 inches of more permeable soils with an uppermost layer of six inches 
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of humified topsoil completes the cap.  Sometimes the geotextile membrane is a 

bentonite blanket contained between 2 woven geotextile fabric layers rather than a 

synthetic plastic membrane.  The majority of landfill closures then plant the surface to a 

typical aggressive lawn or roadside grass mix that is not native.  When a cap’s barrier is 

either compacted clay or a bentonite blanket, it is important to regulate shrink/swell 

potential of these soil materials to lower the risk of failure of the clay barrier during cycles 

of drought and re-wetting. In arid environments, irrigation has been used to control clay 

shrinkage by moisture and maintain the integrity of the clay layer. 

After closure and stabilization, some landfill caps have been converted to open 

space, parks, even parking lots.  Recreational facilities, bicycle paths, walking trails, 

irrigated lawn, and even floating slab buildings have been installed on thicker caps even 

those without synthetic or compacted barriers to water penetration, especially in Europe.  

Presently, North America’s largest closed domestic landfill at Fresh Kills, Staten Island, 

New York is being planned for a succession of land uses that will include the required 

facilities and infrastructure for recreational uses on a thousand acres of waste footprint 

of that closed landfill facility.  The Penn and Fountain landfill closures on Long Island 

also feature a close integration with the Jamaica Bay recreational area through the use 

of specialized soils in the cap above the impermeable layers created to promote the 

growth of native species.  These facilities depart significantly from the typical closure 

model in three ways: (1) Native species only are used in the vegetation of the caps; the 

strategy is to promote native species reclamation and retard invasion by alien plant 

species that prefer rich agronomic soils,  (2) Exceptional care has been taken to mimic 

the chemical and physical qualities of the native subsoil and topsoils of the region in 

these caps, and (3) Native grasses, forbs, shrubs and trees are the landfill cap 

vegetation in place of the customary lawn grass. 
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ASSUMPTIONS 

Several assumptions were made during this review as follows: 

If native species can be used for site stabilization rather than the common alien grasses 

this may reduce long term maintenance, obviate any need for irrigation or other annual 

maintenance and will provide a more attractive successor land use.  We assumed it is 

desirable to naturalize landfills with native vegetation in park-like settings as this will also 

attract native wildlife that the public deems to be valuable.  One explicit goal is to convert 

perceived public liabilities into valued public assets. 

  

Review of Technical Literature 

We summarize the relevant published technical literature and AES experience 

that addresses the questions and information needs that respond to the questions posed 

in the introduction. 

 

Demonstration of Regulatory Compliance 

This report explores if a native landscape design is consistent with the closure 

and regulatory intent for this site.  The use of native grass, forb, tree, and shrub 

plantings on caps must provide stabilization and safe conditions before enhancement of 

the closed site.  Regulators require that closure engineering, plant ecological/soil 

conditions, and ecological restoration strategies are reviewed for appropriateness (e.g. 

Viessman and Hammer 1985; Northeastern Illinois soil erosion and sedimentation 

control steering committee 1989; Mariner and Mertz-Irwin 1991; Spooner et al. 1992 

etc.) The USEPA often addresses non-point source water quality management (USEPA 

1983; Cunningham 1988).  In some cases the US Fish and Wildlife Service or state 

Department of Natural Resources may become involved if there are rare, threatened or 

endangered species, wetland or watershed issues at a site.  The typical regulatory  

concerns usually includes a point by point discussion of the performance of  
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conventional vs. alternative native planting landscape designs with criteria associated 

with site closure, to wit: 

• Vegetation shall be promoted on all reconstructed surfaces to minimize wind 

and water erosion of the final protective covers.   

Stabilization against wind and water erosion, and protection of the capping 

system, to prevent exposure of the geomembrane and drainage structure is of 

primary concern during site planning, design and regulatory reviews.  Soil 

bioengineering using locally adapted native plants create stronger and more 

stable plantings.  Native plants are adapted and grow best under the local 

conditions of ecological severity and extremes as exist on a clay cap slope or 

top.  Native species have shown the most success in stabilization of extreme 

slopes and poor substrates during wind and water erosion events and especially 

during extreme drought.  Consequently, natives have been recommended for 

regional use in stressed growing conditions that include road cuts, landfills, 

mined lands, and other severely-stressed settings, (Horton 1949; Weaver 1954; 

Plummer 1970; Johnson et al 1971; USDA Soil Cons. Svs. 1972; Gillick and 

Scott 1975; Hall and Ludwig 1975; USEPA 1975; Edmunson 1976; Dehgan et al 

1977; Bennet et al 1978; Kuenstler et al 1978; Monsen 1978; Leone et al 1979; 

Schiechtl 1980; Diekelmann and Schuster 1982; Hunt 1983; Shimell 1983; 

Bowen 1985; Peven 1985; Henderson 1987; Gray and Leiser 1989; Apfelbaum 

1991; Mariner and Mertz-Irwin 1991, etc.).  The excellent performance of native 

species under severe drought stress is especially significant because the 

underdrain layer above the geomembrane below the UPBL restricts the available 

reserves of soil pore water to only the water storable in the permeable soils of 

this UPBL layer and whatever topsoil has been applied.  Typically, the UPBL 

soils are permeable silty sands with a modest capacity for water storage (i.e. the 

field capacity) between precipitation events, typically 1.5 – 2.0 inches per foot.  In 
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natural soil profiles, there is a measurable capacity to renew this supply by 

upward wicking of waters from deep subsoils during droughts.  This does not 

exist in landfill caps because the drainage layer above the geomembrane does 

not store water and the geomembrane or compacted clay barrier prevents 

access to any pore waters under this barrier.    

 Limited end-use opportunities often result from the design criteria for 

plantings done only to lower the risk of failure of the cap.  Recently, a series of 

projects to design closure plantings for multiple benefits and uses have 

proceeded in the country, most notably in the boroughs of New York.  The 

recently completed Penn and Fountain projects in Brooklyn and the planned 

Fresh Kills Lifescape project on Staten Island illustrate the direction of landfill 

capping and closures in New York State.  These regional projects are building on 

experiences at the St. Johns Landfill in Portland, Oregon and Countryside 

Landfill in Grayslake, Illinois, all of which have used soil bioengineering and 

plantings with native grasses, wildflowers, shrubs and trees to achieve site 

stabilization, improved plant and animal diversity and numerous new recreational 

end-use opportunities that conventional alien species plantings and standard soil 

caps do not provide.  These and other plantings on high risk sites with steep 

slopes or severe conditions have very favorable outcomes without loss of the 

engineering integrity of the design and no environmental or regulatory concerns 

(Handel 1989; Wong and Yu 1989; AES 2004). 

• Vegetation shall be compatible with the climatic conditions. 

The use of native grasses, forbs, shrubs and trees for slope stabilization to 

address the regional climatic swings typical of New York growing seasons 

provides a very different end product and opportunity set.  A closure planting 

program for the Albany site could use native species best adapted to the high 

exposure, windswept, and extreme droughty slopes and regional climate (Tables 



 7

1 and 2).  Allowance for the droughty conditions typical of the rare scrub oak-

long-leaf pine association next to the landfill is possible with native species that 

grow, prosper, and flower under all local conditions.   Conventional landfill 

closure plantings of alien cool season grass species, such as tall fescue (Festuca 

elatior) and Eurasian brome (Bromus inermis) actively grow only in spring and fall 

under cool moist conditions and are dormant or have minimal  growth at other 

times of the year unless irrigated.  One consequence of a cool season 

community that shuts down in droughts of summer is a habitat that is not nearly 

as attractive to wildlife as compared to native landscapes because food sources, 

particularly insect populations, tend to collapse under drought in the cool season 

communities. 

The adaptability of native plants to drought, very wet conditions, extreme 

winter exposures and very poor nutrition is documented thoroughly in hundreds 

of technical papers (Hilgard 1906; Hursh and Haasis 1931; Biswell 1935; Weaver 

and Albertson 1936; Albertson and Weaver 1942; Albertson 1943; Weaver and 

Weaver and Albertson 1944; Partch 1949; Osaki et al. 1998; etc).  Native species 

have much higher tolerance to variable and extreme climatic conditions (Weaver 

1954; 1956; and 1968).   Weaver’s (1968) “Prairie Plants and Their Environment” 

is a masterful reference that details summaries of fifty years of research on 

hundreds of native species through out the Midwest including the response of the 

prairie ecological system to the great drought and severe wet periods.  Without 

equivocation, this study documents the unprecedented tolerance and survivability 

of many of the native grasses and wildflowers included in the example planting 

plan lists (Table 1).  The studies also document the death and failures of many 

cool season grasses, including bluegrass (Poa pratensis) and brome grass, 
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during drought.  Native species are the clear choice for the stressful condition of 

landfill caps. 

• Vegetation shall require little maintenance. 

Native grasses, forbs, shrubs, and trees not only survive and prosper in 

inhospitable environments, but they require very little maintenance, compared to 

cool season plantings especially during later years after establishment (Breyer 

and Pollard 1980; Duebbert 1981; Diekelmann and Schuster 1982; Mariner and 

Mertz-Irwin 1991; etc).  Some clay-capped landfills require seasonal mowing, 

noxious weed control and regular fertilization programs to maintain cool season 

grass stands.  Native species stands are not nearly as vulnerable to noxious 

weed invasions; often, alien weeds establish dense monocultures on landfills 

planted with cool season grasses (Apfelbaum, personal observations; AES 

2004).  Native grasses and wildflowers are well-adapted to withstand stress and 

resist mortality that open landfill surfaces to weed invasions. For example, the 

major native grasses have a photosynthetic pathway (C4) that conserves water 

(unlike cool season grasses) and have leaf stomata adapted to conserve water.  

They also have pubescence and revolute leaf margins that contribute to greater 

water conservation.  They require less energy for cooling, sustained growth and 

basal metabolic needs (Weaver 1968).  These adaptations decrease 

maintenance needs, such as mowing or irrigation.  A typical landfill management 

for native grass and wildflower plantings is mowing to the height of 6 inches 

when the vegetation reaches about one foot during the first growing season.  

This prevents most alien weeds from producing seeds.  However, perennial 

native grasses and flowers are too small to be injured by a 6 inch mowing.  No 

watering or fertilizing is recommended, because this benefits the weedy species.  

Native perennials are adapted to the natural conditions and require no watering 
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or fertilizer (Larson 1991).  During the second growing season mowing to a 

height of 6 inches should continue if weed species have survived.  Since soil 

disturbance is essential for the weeds to continue to survive, it is only rarely 

used.  Areas vacated by a mature annual weed leaves a disturbed soil from 

which many weed seeds in the soil can emerge (Larson 1991).  After year two, 

mowing can be conducted but only to control noxious weeds that may be 

present.  Otherwise, direct herbicide treatment on persistent noxious weeds 

becomes the principal management strategy after the fist few years, but this is 

needed very rarely in native species plantings. 

• Vegetation shall consist of a diverse mix of native and introduced species that 

is consistent with the post closure land use.  

 A native planting program integrates the best characteristics of quick 

establishing nonnative cool season annual nurse grasses (e.g. oats (Avena 

sativa) and barley (Hordeum vulgare)) with long-lived and durable native species 

plantings.  This combination is proven to accomplish early success and 

stabilization of the capped landfill slopes and top.  It will also provide the rapid 

amelioration of site conditions required for the success of plantings.  The 

plantings will succeed from quick growing annual cover crops as dominants 

within several weeks after planting, through a cool season growth phase to 

succeed into a native plant community dominated by grasses and wildflower.  A 

cool season grass understory with successional natives (e.g. Canada wildrye, 

(Elymus canadensis)) will be retained to provide early spring greenups. 

The native species planting strategy provides a quality, diverse landscape 

and wildlife habitat that will support light recreational uses including a regional 

greenway trail system integrated with the project site.  The high diversity of 

species used in native landscaping provides a complimentary, interesting, and 
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aesthetically pleasing setting for greenway trails, attractive to native wildlife which 

improves recreational experiences.  The resulting biodiversity of a native-

restored site is very important for maintenance of the regionally rare populations 

of many plants and animals.  The native species cap closure planting design is 

consistent with national proposals for protection and restoration of biological 

diversity (Beecher 1942; Jacobs 1975; Wilson 1988; etc.).  Also, because of the 

very low maintenance needs of established native plant cover, little disruption of 

the planting will occur.  The potential to disrupt recreational uses is low.  

Reduced maintenance of the planting during the initial establishment period 

leads to less soil compaction owing to mowing conventional covers to create a 

low growing community.  Conventional mowing management of the slopes 

underlain by heavy clay substrates can damage soil profiles, promote weedy 

vegetation and limit human uses, (e.g. surface soil sheer during mowing vehicle 

turns, compaction and rutting and potential surface water routing changes [See 

Goran et al. 1983.]).  These problems are reduced markedly in low maintenance 

native species plantings. 

The native plant species recommended for caps have high wildlife food 

and cover values (See Tables 1, 2.); most native prairie grass and wildflower 

species have moderate to high wildlife cover and food value.  The information 

used to generate these tables is from personal observations and years of site 

monitoring of native species and conventionally-planted caps for numerous 

clients (Apfelbaum, Applied Ecological Services, Inc. 2004, unpublished 

observations and data) and from a plethora of articles, books, and technical 

papers on the wildlife value of native grasses and wildflowers.  Example 

information sources are identified in the Bibliography and include:  Weaver 1968; 
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Robel 1981; Diekelmann and Shuster 1982; Dove 1983a, 1983b, 1984a, 1984b 

Farmland Committee 1985; Henderson 1987; etc). 

• Vegetation shall be tolerant of the outgassing often generated in capped sites.   

Most research projects comparing the vulnerability of plants to landfill out-gas 

have suggested that native prairie grasses and flowers are more tolerant than 

cool season grasses (Flower et al 1981; Peven 1985; Card 1992;).  However, 

with well designed clay and geomembrane capping systems, vegetative covers 

are subjected to little out-gas exposure except near well heads for the recovery 

of landfill gas.  Native species also are often the most tolerant plants to other 

environmental contaminants including excess heavy metals and insufficient trace 

elements (Lepper 1978; Kabata-Pendia and Pendia 1984; Peven 1985; Eisler 

1990; Arthur et al. 1992). 

 Studies conducted on out-gas and plant relationships suggest if caps are 

built to specifications, vegetation establishment, growth and success are 

unaffected.  In poorly capped landfills some plant species have died and failed to 

provide long-term soil stability (Deuber 1936; Arthur et al 1981).  In fact, plant 

mortalities are used to detect gas leaks on landfills and from gas pipelines (Eyon 

1967).  Tolerance to gas in the soil relates directly to its composition and 

concentration, timing of exposures, plant phenology and the presence of other 

metabolic gases such as oxygen and carbon dioxide as well as toxic gases such 

as methane and hydrogen sulfide.  If seed sources are near, native prairie plants 

are often the first to invade landfill environments.  Some observers have 

concluded that not only are some native plants tolerant of landfill gasses, but also 

to other stressful environmental conditions on landfills. (Leonard and Pinckard 

1946; Gilman et al 1978; Flower et al. 1978,1981; Gilmanm et al 1981; Morgan 

and Sullivan 1981; Shimell 1983, etc). 
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Crook (1992) investigated the feasibility of planting trees on clay-capped 

landfills and other containment sites. He concluded that planting even trees on 

sites is unlikely to violate clay caps in an out-gassing environment or over heavily 

compacted clay caps because most tree species require a soil atmosphere with 

18% oxygen or more and die with less than 12% soil oxygen. He identified that 

carbon dioxide, methane, or ethylene in concentrations of 5-10% or greater in 

soil voids will kill most trees.  Stonell (1986) identified that clay caps can become 

weakened in drought and that tree roots are capable of drying clays below the 

moisture content which induces cracking. They found tree roots generally 

confined to the top 300 mm of soil, but others have suggested that roots can 

desiccate to soil depths of 700 mm.  They recommended that if trees planted on 

a clay cap, that they only be planted in locations with soil or rooting medium of a 

minimum 1 meter in thickness.  In Britain, the Department of Environment (1984) 

reports that it is possible to control tree root growth on landfills by maintaining low 

fertility in deeper soil layers, or by compacting the base layers of final soil cover.  

Robinson and Handel (1995) showed there is no theoretical or empirical basis to 

disallow tree plantings on clay-capped sites.  They excavated 30 trees and 

shrubs growing on a clay-lined municipal sanitary landfill invaded by trees for 

seven years after closure.  All trees had shallow roots, including species that 

grow typically with tap roots.  Only occasionally were small feeder roots found in 

the upper 1 cm of the clay caps. They concluded that thorough compaction of a 

clay cap created a substrate with material densities well above those roots will 

penetrate.  Compaction alone stopped root growth; mean penetrometer 

resistance values above 2.0 Mpa control root potential penetration (Hermann 

1977; Atkinson and Mace-Dawson 1991; McMichael and Persson 1991; and 

Atwell 1993). (Glinski and Lipiec 1990; Campbell and O’Sullivan 1991; Bennie 

1991; and Bengough 1991). Dobson and Moffat (1995) reached the same 
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conclusions regarding the root growth for trees or shrubs on compacted clay 

caps.  In friable native soils, they found 90% of trees and shrub roots in the upper 

0.6 meters of soils, and substantially less on compacted clay caps roots. They 

also concluded that tree roots and subsequent evapotranspirational water losses 

are extremely unlikely to be the primary cause of dessiccation cracking in a clay 

cap owing to their inability to extract more than a few percent of the total moisture 

held in clays with sufficient density to have the requisite low permeability of 1 x 

10-7 to 10–9 cm/s. Where high density polyethelene liners or mineral materials 

were used in caps and the upper barrier protection material was compacted to a 

bulk density of 1.8 grams/cubic centimeter, there was no evidence that  tree or 

other plant roots were able to penetrate.  The authors conclude that with proper 

planning and installation, trees and shrubs may be grown successfully without 

violating clay cap integrity. In addition they contend that clay capped facilities can 

be designed to provide more ecologically diverse and valuable vegetation, if this 

is a discrete goal of closure projects, and is supported by good bioengineering, 

design, and site examination.  

April and Sims (1990) examined the usefulness of providing enhanced 

treatment of toxic organic chemicals using eight deep rooted prairie grasses (big 

and little bluestems, indian grass, switch grass, Canada wild rye, side oats 

grama, western wheat grass and blue grama). This study involved planting 

prairie grasses on a highly permeable sand top soil over a site with four 

polycyclic aromatic hydrocarbons (PAHs). The extent of PAH disappearance in 

vegetated soil was significantly greater than in unvegetated soils. They 

concluded that where deep soil penetration is desired, these plants can be a low 

cost, effective, and low maintenance alternative for addressing PAH 

contaminated soils.  They believed increased soil-microbial activity, improved 
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physical and chemical properties of the contaminated soils, and increased the 

contact between microbes associated with the root and the toxic compounds in 

the contaminated soils were the primary mechanisms of detoxification.  

 

Native prairie grasses and wildflowers have typically not been used on landfills or 

clay capped sites.  We believe this has occurred because of the simplicity, lower seed 

cost and convention of using nonnative grasses and clovers in all aspects of re-

vegetation associated with disturbed landscapes, especially mined lands and road right-

of-ways.   The misconception that the root penetration depth or required rooting depth is 

too deep, has also prevented the use of native plants until recently.  This misconception 

may have led professionals to conclude native plant materials would compromise the 

clay cap and contribute to its failure.  Cool season and native prairie grasses experience 

different opportunities for root growth and achieve different rooting depths depending on 

the nature of the substrate in which they grow (Weaver 1968; Bohm 1979; Atkinson and 

Mackie-Dawson 1991).  In loose uncompacted soils both native and alien species may 

grow roots many meters deep.  However, in heavily compacted soils and even where 

mere inches of topsoil and subsoil occur on impermeable bedrock, cool season and 

native prairie grasses and forbs will grow but will have poor vertical root development.  

Under compacted soil conditions, such as on a clay cap, the major difference between 

these groups of plants is the markedly greater and denser root mass of native plants that 

increases the ability of these plants to tolerate physiological stresses, such as drought, 

(Atkinson and Mackie-Dawson 1991) and may contribute to greater cap stability 

(Browning 1990).  A primary focus of much recent research has been on rooting depth 

and potential violation of the integrity of the landfill cap (Flower et al 1978; Gilman 1979; 

Leone et al 1979; Stalter 1979; Gilman 1980; Lutton 1982; Gilman et al 1985; Ettala 
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1987; Attala 1988; Wong and Yu 1989, etc).  These studies have generally indicated that 

root penetration of clay caps does not occur for a number of reasons: 

 

High Compaction of clay substrates impedes root penetration of caps 

except perhaps in cracks that develop in the caps because of thermal contraction 

(Andersland and Al-Moussawi 1987). 

Prevailing research results suggest that root growth does not represent a threat 

to clay caps. In fact, a geomembrane system only reinforces resistance to root 

penetration.  Based on studies of how roots direct growth, and how root morphology 

changes in response to natural soil profile changes, we believe strongly that well 

compacted clay caps (even without the presence of a geomembrane system) will 

provide an effective barrier to root penetration.  In order to grow, a root pushes through 

the soil with an extending root tip with a diameter of 0.1 to 3mm.  To move through soil, 

which generally contains pores of 0.002 to 0.2 mm or less, the root grows by turgor 

(osmotic-hydraulic) pressure.  It must therefore push aside soil materials.   

Consequently, nonporous soils (such as compacted clays (even without a geomembrane 

barrier) represent a formidable barrier.  On engineered clay caps with heavy soil 

compaction and on compacted mined sites, the lack of woody plant and herbaceous 

plant growth is related to the inability of roots to penetrate the substrates.  Various 

methods for subsoil ripping and other soil preparation treatments are required to reduce 

compaction before plant growth will even occur, (Brown et al 1968; Brandshaw and 

Chadwick 1980; Malcom 1990; Apfelbaum 1991, etc).  High Bulk densities in naturally 

occurring soils ≥ 1.5-1.8 mg/cm2 retard root growth profoundly.  On compacted landfill 

caps, bulk densities may be much greater and thus would be expected to be an effective 

barrier to root penetration.  Resistance to root growth is also related to the average soil 

pore sizes.  Soils with high bulk density values, especially highly compacted clay 
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substrates, have a very small average soil pore size that restricts root penetration on 

caps.  Resistance to root penetration increases directly in the vicinity of root growth 

owing to displaced soil materials.  This increased soil compaction in the growing region 

in an already compacted soil environment results in cessation of continued root growth 

in the direction of increased bulk density.  This limits root growth to upper shallow 

topsoils.  Typically, plant root growth is restricted to spreading in these environments. 

At the Fresh Kills landfill, research documented that even where thermal 

expansion related soil cracks formed in the landfill cap, root invasion did not occur for a 

number of reasons.  Apparent impediments to root growth into existing landfill cap 

cracks were correlated with the layer of anoxic, nutrient poor sand, (drainage layer), 

probably suffused with methane, carbon dioxide, and other inhibitory gasses.  Research 

found that thin probing taproots might penetrate through breaks or pores in the clay cap 

but that they would die back rather than increase in length or thickness.  In fact, if gases 

are present in the fractured soils in sufficient concentration, root growth even above the 

clay cap is inhibited.  Rather than the plant challenging the integrity of the clay cap, in a 

typical clay cap, plants cannot overcome these stressful conditions.  Since clay caps are 

also nutrient poor, but inhibit nutrient uptake (owing to clay colloid binding capacity 

[Brady 1974]), root growth into caps should be minimal.  Depth of root growth has 

demonstrated that root architecture is almost always controlled by the nature of the 

substrate in which the plants grow. Deep rooting plants in native soils have been well 

documented (Meinzer 1927; Coile 1951; Kreutzer 1961; Bibelriether 1966; Sutton 

1969,1991; Russell 1973; Savill 1976; Foster 1993), while extreme shallow-surficial 

roots have been documented in compacted or geologically constrained soils. 

Heavily compacted soils have been altered by tillage and subsoil loosening to 

achieve substantially greater rooting depth, plant production, increased soil porosity, and 

increased hydraulic conductivity (Harrison, Cameron and McLaren 1994). These 
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techniques are the opposite of those used on GCC and GCL capped sites.  These and 

other studies have demonstrated benefits of subsoil loosening and tillage are reversible 

by engineered compaction, altering soil textural composition, and by altering the 

chemistry of soil (CEC, pH, etc.). Native uncompacted soils and subsoils compared to 

engineered soil cap systems, will sustain very different plant growth by the same plant 

species. Root growth and above ground plant growth are significantly diminished in 

compacted soils, whether native or engineered.   

• Temporary erosion control measures, including but not limited to mulch 

straw, netting and chemical soil stabilizers, shall be undertaken while 

vegetation is being established. 

The site stabilization strategy employed on most clay capping projects includes 

use of short lived and quickly establishing annual cover crops and a mulching 

system involving several options.  The annual plants are seeded simultaneously 

with biennial and long and short lived perennial species. With this planting 

strategy, all species are potentially seeded simultaneously and will consequently 

respond to conditions for germination as they become suitable.  Because of the 

seasonal nature for planting native prairie grass and flower species, if slopes are 

readied for final planting but the season is not proper for planting natives, then a 

cover cropping system is included.  Once established, the native prairie seeded 

will be no-till drilled.  The drilling of the native species seeds will be conducted 

directly into the established cover crop grass to cause minimal soil disruption. 

This same planting strategy was employed in the reclamation and revegetation of 

mined lands in Wisconsin; it has been very successful in the extreme 

environment of high waste rock dumps which have the same risk of erosion and 

plant exposure as on regional landfill tops and slopes, especially south and west 

aspect slopes (Ludwig and Apfelbaum, In Press; Burris and Apfelbaum 1992).  
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The mulching system can include erosion netting, erosion bats, and straw checks 

and blown straw if and where necessary to maximize erosion control.  If 

hydromulching does occur, a tackifier such as Guar Gum is a very effective soil 

and mulch stabilizer.  This tackifier produces a wet-resistant surface which 

reduces soil saturation, potential effects of slope failure from mass wasting and 

solufluction, and greatly reduces erosion of mulch and seed. 

• What evidence exists for root penetration of Geotextile clay caps and 

liners? 

Investigations of root penetration of GCL’s and GCC’s were done in lab and field 

settings.  Melchior (1997) found lawn grasses, and weeds with fine roots   (≤1 

mm diameter) did penetrate bentonite mats during the first year where the GCC 

were installed over gravel and sand underdrainage layers.  During year two, 

some liginified larger roots were also found to grow into the GCC. They 

speculated that if larger diameter lignified roots died and decomposed, then the 

remaining void could form open flow channels through the matting.  However, 

they were not able to demonstrate this to occur in either field or laboratory 

experiments. The GCC was found to crack during drought but reseal during 

rehydration.  Fine roots of grasses and weeds grew during wet periods, and 

ceased during dry down periods when the GCC developed vertical and horizontal 

“cracks”.  Under the experimental conditions, they found fine roots to grow 

completely through the mat in the first growing season.  

They concluded that there is still a lack of convincing evidence and 

documented proof that bentonite mats (GCC and GCL) will work in caps.  Use 

must be considered on a case by case basis. They also stated that new GCLs 

made with two bentonite layers divided by a middle geotextile, and prehydrated 

bentonite with organic additives, will improve performance. The lack of drying of 
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the bentonite layer does not prevent root penetration by lawn grasses and other 

plants.  They also identified a problem with GCC mats that did lead to failures 

that were completely unrelated to plant materials. They found that sodium in the 

sodium bentonite clay used in the GCC was prone to fail if irrigated with 

moderate to high carbonate waters containing calcium and magnesium.  Then, 

the sodium cations were replaced by the calcium or magnesium; these chemical 

reactions reduced resealability of the GCC after modest or severe drought.   

Technical Data Sheets for Geosynthetic clay lines (GCL’s) 

(__Unpublished  CETCO TR-310) found during a “tank scale” study that primary 

tap roots of weeds did not penetrate the GCL. Roots traveled directly downward, 

then turned 90 degrees upon encountering the GCL, and grew parallel to the 

surface of the GCL. They concluded the woven geotextile covering was 

“apparently sufficiently tightly knit to prevent penetration by tap roots”.  The study 

did find that fine root hairs that branched from the tap root were able to penetrate 

the GCL. The geotextile did not appear stretched or damaged by root 

penetration. They also tested permeability of the penetrated mat and found even 

with penetration that the permeability of the penetrated mat was consistent with 

“virgin” unpenetrated GCL. 

Kargbo, Fanning, Inyang, and Duell (1993) have cautioned that the 

permeability of GCC and GCL’s will increase in clay soils with the potential to 

produce acid sulfate. Where the potential for acid sulfate generation at the 

substrate interface with the underside of the GCC/GCL exists, this can increase 

permeability of the liner, result in mortality of vegetation exposed to strong acids, 

and enhance erosion risks of the cap. They suggest testing substrates that the 

GCC/GCL will be bedded on to ensure acid sulfate generation will not occur.  

Mobilization of metals from soils is typically associated with pyritic and other 
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sulfur bearing minerals; under irrigated or excessively wet aerobic conditions in 

the near surface environment, the production of free sulfuric acid can occur. This 

study found that where clay acidification occurred below the GCC or GCL, 

topsoils failed to support the plant species applied as stabilization cover. Non-

native species, such as lawn grasses, roadside, highway grass and clover mixes 

were especially intolerant of acidification. In fact, some of the most tolerant plant 

species included the native grasses such as little bluestem (Andropogon 

scoparius).  Considerable work has been done on Geotextile Clay liners beneath 

landfilled materials.  These studies have focused narrowly on the permeability of 

the liners and the chemical influence of leachates on liner performance and 

efficiency (Hoeks, Glas, Hofkamp and Ryhiner 1987). 

Koerner and Daniel (1992) summarized the performance of all of the 

major categories of capping systems including GCC and GCL caps. They rated 

each cap and closure performance under environmental factors that complicate 

their design and influence success. Included were temperature extremes 

(freezing and thawing to significant depths), wet/dry cycles, potential for 

penetration by plant roots, burrowing animals (e.g. worms, insects, etc.), total 

differential settlement caused by compression of the waste or foundation soils, 

temporary or permanent surcharge by stockpiling materials, downslope slippage 

or creep, vehicle movements that drive over caps, wind and water erosion, 

deformation caused by earthquakes, long-term moisture changes if water moves 

in or out of wastes, and alterations caused by gas derived from volatile or 

decomposable wastes. Ratings presented in this paper suggested that GCL and 

GCC designs are marginally acceptable, or not recommended for use if any of 

these variables presents a threat to the barrier layer material.  In combination 

with a geomembrane, a two layer barrier system (GCL and GCC) is acceptable 
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and recommended as feasible and cost effective. This study also suggests that a 

single-layered geomembrane system will out-perform a geosynthetic clay liner 

and a clay capped liner system and may cost less in the long-term.   

Bowerman and Redente (1998) document that few capping and liner 

systems employed anywhere in the world can escape biointrusions of the 

protective barriers especially in arid regions. They state that mice, ants, ground 

squirrels, prairie dogs, some plants pose a threat to barrier integrity and waste 

isolation and that engineered caps have been designed without consideration of 

the ecological principals and processes, which can be crucial to their 

performance.  They stress that incorporation of ecological processes into barrier 

design is essential to lower risk of failure (Waugh and Richardson 1997).  These 

authors summarize some newer capping technologies that include thicker caps, 

use of slow release herbicides to prevent root growth and other new ideas (Wing 

and Gee 1994).  
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CONCLUSIONS: 

Biointrusion into a Geotextile clay cap or liner lacking the 24” fill soil and drainage 

layer above a GCL can occur, but such cap designs are now illegal for domestic waste 

landfills.  Plants can violate a poorly compacted cap or if otherwise not constructed to 

specifications.  Plant and animals have influenced water infiltration, channeling, soil pore 

space, aeration, physical and chemical properties, and the community eventually 

established on native soils and reclaimed mine sites.  There is no reason to believe they 

cannot do the same on capped sites (Ellison 1946; Edwards and Lofty 1978, 1980; 

Kalisz and Stone 1984; Nyhan 1989; Sejkora 1989; Blom 1990; Blom et al. 1994; 

Gonzales et al. 1995).  Compacted subsoils can be a temporal and spatial barrier to cap 

penetration.  Some authors question the longevity of capping systems not designed with 

ecological processes in mind, contending that biointrusion is likely and perhaps 

inevitable.  However, at the Albany landfill site, the probability of cap failure by root 

penetration is very remote; a far greater risk is likely if poor construction practices are 

allowed.   While the chemical environment of the Albany cap including subsoil pH and 

acidification tendencies could be deleterious to GCC and GCL integrity, that is equally 

unlikely owing to soil chemistry. 

Plant growth on the Albany cap will occur during wet periods then decrease or 

cease as cap desiccation occurs.  Root die back can occur often during periods of 

desiccation.  Roots will not grow into cracks, because root growth stops and cracking 

occur simultaneously during desiccation.  During rehydration, the GCL reseals before 

plant root growth can respond to rewetting.  Native vegetation has substantially higher 

rates of precipitation interception compared to the usually specified lawn species for the 

typical cap site. These interception rates substantially reduce the total annual water 

available for infiltration or runoff (Apfelbaum in preparation; Weaver 1968).  Native 

vegetation is substantially more drought tolerant and survives extreme drought much 

better compared to alien cool season grass species. 
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Lawn grass species need fertilizer and irrigation in capped settings; native 

vegetation does not need these amendments, nor regular maintenance; this reduces 

maintenance costs.  Fertilizer and irrigation water chemistries can alter the chemistry 

and physical integrity of the GCC or GCL altering pH, calcium-sodium ratios in the 

bentonite clay of the GCC or GCL.  Native vegetation which does not require fertilization 

or irrigation, does not present these risks. 

If acidification problems manifest on this site, native species are substantially 

more adaptable.  Natives can endure greater changes in substrate chemistry than alien 

species.  An acidified soil may resist replanting. 

Native prairie vegetation has higher root mass densities than cool season 

nonnative lawn grasses; this allows prairie vegetation to provide greater soil stabilization.  

Native plants are especially resistant to downhill creep and mass soil movement.  This 

can be important on landfills where material settlement occurs routinely. 

Lawn and cool season grasses can encourage the presence of burrowing 

mammals, because no root structure is present in the subsoils. Prairie vegetation 

provides more above ground plant mass that is habitat cover.  This attracts animals that 

utilize surface cover, rather than encourage burrowing species.  Some mammals (e.g. 

woodchucks Marmota monax) burrow regardless of the above ground vegetation cover, 

especially along slope breaks and on side slopes.  For these species, greater resistance 

to burrowing owing to the dense root masses below ground of native plants are 

important. 

All vegetation covers on capped sites, even highly maintained lawn associations, 

will be invaded by weedy plants (Robinson and Handel 1993).  This occurs rapidly if 

sources for bird and mammal disseminated seeds are present, or seeds/propagules can 

wash in during floods. Many weedy species are most invasive into highly maintained low 

diversity plantings such as lawns in contrast to native species plantings with dense root 
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masses, and competitive growth forms. The current site design does not take into 

account this potential and tendency for site invasion and potential biointrusion. 

Many native plant species representing low to tall, spring-fall flowering, unique 

colorization and texture are available for use in the final cover planting on the Albany site 

(Tables1A, 1B and 2).  Some areas on the site may also be suitable for planting of trees 

and shrubs.  

The depth of top soil and fill soil types envisioned for the Albany landfill suggests 

only fine roots will penetrate the GCL.  These are very small diameter non-lignified roots.  

The capacity of the GCL to reseal will not be compromised by these roots and root hairs. 

The probability of GCL failure from penetration is very very low!  All prairie plants, 

including shrubs and trees (Tables 1A, 1B, 2) are expected to be compatible with the 

proposed capping system. 
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TABLE 1: This table summarizes the performance of representative herbaceous 

and woody) plant species that may be included in the sites planting plans.  

The criteria for valuing each species by the various attributes are 

identified in the Vegetation Criterion Key.  The experience of ecologists 

with Applied Ecological Services and a multitude of references were used 

to classify species (see bibliography). 
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TABLE 1A. Identification of vegetation criteria used in evaluating compatibility with  
GCC/GCL. 

 
 

CLAY CAP 
VEGETATION CRITERIA KEY 

 
COMPATIBILITY WITH THE DESIGN INTENT 
 
1. Presence in the Region 

H – Found in the presettlement landscape. 
M – Was not found in the region at presettlement but has naturalized. 
L – Was not found in the region during presettlement. 

 
2. Native 

Y – Plant native to the area. 
N – Plant is not native to the area 

 
3. Habitat Value for Food 

H – Provides excellent food source for many species (i.e. seed, nectar). 
M – Provides food source for a few wildlife species. 
L – Provides no source of food for wildlife. 

 
4. Habitat Value for Cover 

H – Provides excellent cover for nesting, breeding and protection. 
M – Provides some cover. 
L – No cover. 

 
5. Seasonal Interest 

H – Colorful flowers, texture or stature. 
M – Compliments dominants 
L – Subdominant, not conspicuous 

 
6. Non-Invasive 

H – Does not invade. 
M – Does invade if certain conditions are met. 
L – Invades areas by reseeding or root growth. 
 

7. Soil Types 

B – Broad Range of Tolerance 
C – Clay Types 
L – Loam Types 
P – Peat Types 
S – Sand Types 
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ADAPTABILITY TO THE CAPPED SITE ENVIRONMENT 
 
1. Root system type/depth 

B – Bulb 
R – Tap root 
R – Rhizome 
F – Fibrous 
S – Shallow 1-12” 
D – Deep 8-24” 

 
2. Susceptibility to Gases 

H – Plant will not survive exposure to some gas. 
M – Plant may be affected by exposure to some gas. 
L – Plant is tolerant to gas. 

 
3. Reaction to Higher Ground Temperatures 

H – Plant growth and survivability is strongly affected. 
M – Plants may be stressed. 
L – Plants are not affected. 

 
4. Susceptibility to Ground Water Pollution 

H – Plants growth and survivability is strongly affected. 
M – Plants may be stressed. 
L – Plants are not affected. 

 
5. Susceptibility to Surface Settlement 

H – Plant mortality due to root zone shearing. 
M – Plants may be stressed. 
L – Plants are not affected by root zone shearing. 
 

6. Susceptibility to Wind Throw 

H – Plants are very sensitive to high winds. 
M – Plants may be stressed. 
L – Plants are not affected. 
 

7. Adaptability to Soil Compaction 

H – Plants will adapt. 
M – Plants may adapt. 
L – Plants will not adapt. 
 

8. Tolerance of Low Soil Oxygen Conditions 

H – Plants tolerate low oxygen conditions. 
M – Plants may be stressed by low oxygen conditions 
L – Plants will not survive low oxygen conditions. 
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9. Tolerance of Cover Soil Nutrients and pH. 

H – Plants tolerant to variable nutrient and soil pH conditions. 
M – Plants tolerate to certain conditions. 
L – Plants restricted to a narrow range of conditions. 
 

10. Adaptability to side Slope Conditions 

Y – Plants tolerate side slope conditions. 
N – Plants will not tolerate side slope conditions.  

 
11. Height at Maturity 

“ – inches 
‘ – feet 

 
12. Erosion Control 

H – Plant provides highly stable soil in the root zone. 
M – Plant may provide erosion control. 
L – Plant provides no soil stabilizing in root zone. 

 
13. Resistant to Drought 

H – Plant is highly adapted to drought conditions. 
M – Plant may adapt to certain drought conditions. 
L – Plant is not adapted to drought. 

 
 
MAINTENANCE 
 
1. Rate of Growth 

F – Fast 
M – Medium 
S – Slow 

 
2. Establishment Period 

1 – One growing season. 
1.5 – One and one half growing Seasons 
2 – Two growing Seasons. 

 
3. Longevity 

L – Long lived perennial. 
M – Short lived perennial. 
S – Annual or biannual. 

 

4. Susceptibility to Desiccation 

H – Plants are highly susceptible to desiccation. 
M – Plants may be susceptible to desiccation. 
L – Plants are not susceptible to desiccation. 
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5. Susceptibility to Rodent/Rabbit Damage 

H – Plants are vulnerable. 
M – Plants may be vulnerable. 
L – Plants are not vulnerable. 

 
6. Susceptibility to disease and Insects 

H – Plants are vulnerable. 
M – Plants may be vulnerable. 
L – Plants are not vulnerable. 

 
7. Compatibility with the Climate 

H – Plants are highly compatible. 
M – Plants may be compatible. 
L – Plants are not compatible. 
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TABLE 1B 
CRITERIA AND SCORING USED IN TABLE 2 

 1 2 3 
EROSION CONTROL    
Rooting Depth Deep Shallow Surface 
Rooting Structure Course Fibrous Densely fibrous 
Rooting Habit Horizontal Condensed Horizontal Dispensed Trailing clonal, stoloniferous, 

rhizomes 
Adaptability to Gradient Intolerant to gradient May adapt Rapid establishment 
CLIMATE COMPATIBILITY    
Winter Extremes Intolerant Moderately tolerant Tolerant 
Summer Extremes Intolerant Moderately tolerant Tolerant 

MAINTENANCE 
   

Drought Tolerance Intolerant Moderately tolerant Tolerant 
Tolerance to Compacted Soils Intolerant Moderately tolerant Tolerant 
Disease/Insect Resistance Vulnerable Moderately resistant Resistant 
Longevity Short-lived Moderately-lived Long-lived 
DESIGN, POST-CLOSURE LAND 
USE 

   

Native to NE Non-native Native-rare Native-common 
Common to NE Not present Present Common-naturalized 
Habitat – Food Value No value Supports a few species Supports many species 
Habitat – Shelter No value Some cover Excellent for nesting, protection 
Seasonal interest Not conspicuous Showy flower or fruit display Showy flower and fruit display 
TOLERANCE OF GAS    
Tolerance of Low Soil Oxygen Will not survive Possibly stressed Tolerant 
Tolerance of Gases Will not survive Possibly stressed Tolerant 
Native to NE  Non-native Native-rare Native-common 

PROTECTION OF COVER 

SYSTEM 

   

Root System Depth Deep Shallow Surface 
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TABLE 2: An assessment of the suitability/compatibility of native prairie grasses and 

wildflowers and exemplenry trees and shrubs for planting in clay capped sites including sites 

with GCC and GCL.  Rankings follow the criteria in Table 1A and 1B. 
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TABLE 2.  
 

PLANT SPECIES 

 

EROSION CONTROL CLIMATE 
COMPATI-
BILITY 

MAINTENANCE 
 

DESIGN, POST-CLOSURE 
AND USE 

 
TOLERANCE OF 

GAS 
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Acer saccharum  3 3 1 1 3 3 3 3 2 3 3 3 3 2 3 1 3 3 3 
Fraxinus americana 2 3 1 2 3 2 2 2 2 3 3 3 1 2 3 1 3 2 3 
Fraxinus pennsylvanica 2 3 1 1 3 3 3 3 2 3 3 3 1 2 3 1 3 2 3 
Quercus bicolor 2 3 1 1 3 3 3 3 3 3 3 3 3 2 3 2 3 2 3 
Salix amygdaloides 2 3 3 1 3 3 3 3 2 1 3 1 3 2 1 1 3 2 3 
Salix nigra 2 3 3 1 3 3 3 3 2 2 3 3 3 2 1 1 3 3 3 
Tilia americana 1 1 2 3 3 1 1 1 2 3 3 3 1 2 3 1 2 2 3 
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PLANT SPECIES 

 

EROSION CONTROL CLIMATE 
COMPATI-
BILITY 

MAINTENANCE 
 

DESIGN, POST-CLOSURE 
AND USE 

 
TOLERANCE OF 

GAS 
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Amelanchier 
canadensis 

2 3 3 2 3 1 1 1 3 2 3 2 3 3 3 3 2 2 3 

Cercis canadensis 2 3 3 3 2 3 3 2 3 2 2 3 1 2 3 3 2 2 2 
Cornus mas 2 2 3 1 2 2 3 2 3 2 1 1 3 3 1 2 2 3 1 
Crataegus crus-galli 1 2 1 3 3 3 3 2 2 2 1 3 2 3 3 3 2 2 1 
Prunus virginiana 2 3 3 2 3 3 3 1 2 2 3 1 3 2 3 2 2 3 3 
Ptelea trifoliata 2 2 3 3 3 3 3 1 3 2 3 1 2 2 2 1 1 3 3 
Rhus copallina 
latifolia 

2 1 3 3 2 3 3 1 3 1 1 1 3 2 3 3 2 3 1 

Rhus glabra 2 3 3 3 3 3 3 1 3 1 3 3 3 2 3 3 2 3 3 
Rhus typhina 2 3 3 3 3 3 3 1 3 1 3 3 3 2 3 3 2 3 3 
Salix discolor 2 3 3 1 3 3 3 3 1 1 3 2 3 2 1 3 3 3 3 
Viburnum lentago 2 3 3 3 3 3 3 1 3 1 3 2 3 2 3 2 2 3 1 
Viburnum prunifolium 2 3 2 3 3 3 3 1 3 2 3 2 3 3 3 3 1 2 3 
Zanthoxylum 
americanum 

2 3 3 3 3 3 3 1 3 3 3 3 3 2 2 1 2 3 3 
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PLANT SPECIES 

 

EROSION CONTROL CLIMATE 
COMPATI-
BILITY 

MAINTENANCE 
 

DESIGN, POST-CLOSURE 
AND USE 

 
TOLERANCE OF 

GAS 
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Aronia melanocarpa 3 3 3 3 3 3 3 3 3 1 3 2 2 2 3 2 3 3 3 
Cornus amomum 3 3 3 1 1 3 3 3 2 1 3 2 3 2 2 2 3 2 3 
Cornus racemosa 3 3 3 3 1 3 3 2 3 3 3 3 3 2 2 3 2 2 3 
Cornus stolonifera 3 3 3 1 3 3 3 3 2 1 3 3 3 2 3 3 3 3 3 
Corylus americana 2 3 3 3 3 2 2 2 3 3 3 2 2 2 2 1 1 3 3 
Hamamelis vernalis 2 3 3 1 2 2 2 3 3 2 1 1 1 2 3 2 3 1 1 
Rhus aromatica 3 3 3 3 3 3 3 1 2 2 1 2 3 2 3 2 1 3 1 
Salix humilis 3 3 2 3 2 3 3 3 3 1 3 3 3 2 1 1 3 3 3 
Salix lucida 3 3 2 1 2 3 3 3 1 1 3 2 3 2 1 1 3 3 3 
Sambucus 
canadensis 

3 3 3 2 3 3 3 3 2 2 3 3 3 2 1 3 3 3 3 

Viburnum acerifolium 3 3 3 3 3 2 2 2 2 3 3 1 3 2 3 2 1 3 3 
Viburnum dentatum 3 3 3 1 3 3 3 2 3 3 1 2 3 2 2 2 3 3 1 
Viburnum trilobum 3 3 2 3 3 3 3 3 3 3 3 3 3 2 2 3 3 2 3 
Viburnum lantana 3 3 3 3 3 3 3 2 3 3 1 1 3 2 1 3 1 3 1 
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PLANT SPECIES 

 

EROSION CONTROL CLIMATE 
COMPATI-
BILITY 

MAINTENANCE 
 

DESIGN, POST-CLOSURE 
AND USE 

 
TOLERANCE OF 

GAS 
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*Andropogon gerardii 2 3 3 3 3 3 3 3 3 3 3 3 1 3 3 2 3 3 3 
*Andropogon 
scoparius 

2 3 3 3 3 3 3 3 3 3 3 3 1 3 3 2 1 3 3 

Anemone cylindrica 1 3 3 3 3 3 3 3 3 3 3 3 2 1 3 2 3 3 3 
Argrostis alba 3 3 2 3 3 3 3 3 3 3 1 2 1 3 3  3 3 1 
Aster azureus 3 2 2 3 3 3 3 3 3 3 3 3 1 1 3 2 2 2 3 
Aster ericoides 3 3 3 3 3 3 3 3 3 3 3 2 2 2 3 2 3 3 3 
Aster laevis 3 2 2 3 3 3 3 3 2 3 3 3 1 1 3 2 2 2 3 
Aster novae-angliae 3 3 3 3 3 3 3 3 3 3 3 3 1 3 3 2 3 3 3 
*Bouteloua 
curtipendula 

2 3 3 3 3 3 3 3 3 3 3 3 1 3 3 2 3 3 3 

*Bouteloua gracilis 2 3 3 3 3 3 3 3 3 3 3 3 1 3 3 2 3 3 3 
*Bouteloua hirsuta 2 3 3 3 3 3 3 3 3 3 3 3 1 3 3 2 3 3 3 
*Buchloe dactyloides 2 3 3 3 3 3 3 3 3 3 3 3 1 3 3 2 3 3 3 
Coreopsis palmata 3 3 3 3 3 3 3 2 3 3 3 3 3 1 3 2 2 3 3 
Desmodium 
canadense 

1 1 1 3 3 3 3 3 3 3 2 2 2 1 2 3 3 3 3 

Echinacea pallida 1 2 1 3 3 3 3 3 3 3 2 2 2 1 2 3 3 3 3 
Elymus canadensis 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 3 3 3 
Elymus villosus 2 3 3 3 3 3 3 2 3 3 3 3 3 3 3 1 3 1 3 
Elymus virginicus 2 3 3 3 3 3 3 2 3 3 3 3 3 3 3 1 3 1 3 
* THESE SPECIES ARE INCLUDED AS EXAMPLES IN THE “DOWNTOWN OMAHA RIVERFRONT DESIGN DEVELOPMENT SUMMARY 
REPORT (UNEDITED). 
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PLANT SPECIES 

 

EROSION 

CONTROL 

CLIMATE 
COMPATI-
BILITY 

MAINTENANCE 
 

DESIGN, POST-CLOSURE 
AND USE 

 
TOLERANCE TO 

GAS 
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Euphorbia corollata 3 3 3 3 3 3 3 3 3 3 3 3 2 1 3 2 3 3 3 
Festuca rubra 3 3 2 3 3 3 3 2 3 3 1 3 1 2 3 1 3 3 1 
Helianthus divaricatus 3 3 3 3 3 3 3 2 3 3 3 3 3 2 3 2 2 2 3 
Helianthus laetiflorus 3 3 3 3 3 3 3 3 3 3 3 3 3 1 3 2 3 3 3 
Lespedeza capitata 1 2 3 3 3 3 3 3 3 3 3 2 2 2 2 3 3 3 3 
Monarda fistulosa 3 3 3 3 3 3 3 3 3 3 3 3 1 3 3 2 3 3 3 
Panicum virgatum 2 3 3 3 3 3 3 3 3 3 3 3 1 3 3 3 3 3 3 
Petalostemum 
purpureum 

1 2 2 3 3 3 2 2 3 3 3 3 3 1 3 3 2 3 3 

Phleum pratense 3 3 1 3 3 3 3 3 3 3 2 3 1 3 2 2 3 3 1 
Potentilla arguta 3 3 1 3 3 3 3 3 3 3 3 3 3 1 3 2 1 2 3 
Ratibida pinnata 3 3 3 3 3 3 3 3 3 2 3 3 3 1 3 2 1 3 3 
Rudbeckia hirta 3 3 3 3 3 3 3 3 3 2 3 3 3 1 3 2 1 3 3 
Rudbeckia triloba 2 3 3 3 3 3 3 1 3 3 3 3 2 1 3 2 2 2 3 
Silphium 
terebinthinaceum 

2 2 1 3 3 3 3 3 2 3 3 3 3 1 3 3 3 1 3 

Solidago canadensis 3 3 3 3 3 3 3 3 3 2 3 2 2 2 3 2 3 3 3 
Solidago nemoralis 3 3 2 3 3 3 3 3 2 3 3 3 2 1 3 2 1 3 3 
Solidago rigida 3 2 1 3 3 3 3 3 3 3 3 3 3 1 3 2 1 3 3 
Solidago speciosa 3 3 2 3 3 3 3 3 3 3 3 3 2 1 3 2 1 2 3 
Sorghastrum nutans 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 1 3 

 


