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ABSTRACT

Native prairie in Iowa has all but disappeared since
the development of agricultural land by European settlers
over the past 165 years. Reconstructing prairie is one way
to replace some of the acreage that was lost. A byproduct
of settling an area is the generation of garbage and other
wastes. Currently there is a surplus of sludge, the waste
product of waste water treatment facilities. This material
is usually disposed of in landfills, used on agricultural
land or reclamation projects.

A small area of prairie was reconstructed on the top of
a closed portion of the Black Hawk County Solid Waste
Landfill, Black Hawk County, Iowa. A mix of four grasses
and 49 forbs was seeded on the 0.5 acre (0.2 ha) study site.
The site was divided into four non-replicated plots
including a control. Each of three plots received liquid
sludge once per year for two years. Plot 1 received 1/2
load of sludge, Plot 2 received 1 load and Plot 3 received 1
1/2 loads of sludge. One load contains about 2000 gallons
(7576 liters) of sludge. The effect of sludge on prairie
establishment and growth was studied. Coverage and
frequency of the prairie species and other species present
were measured from June through September, 1996 and 1997.

Importance value was calculated from this data.



Graphical comparison of the September 1997 data showed

that timothy (Phleum pratense) had a meaningful difference

in plot means. The analysis of weeds showed no clear trend
in plot means. There were no meaningful differences in plot
means for native prairie. Some species showed an increase,
some a decrease and others no clear trend in coverage.

While other species were never found in sludge plots, and
overall frequency of prairie species declined with

increasing sludge application. Timothy (Phleum pratense)

benefits from sludge application; sludge did not promote
weed growth except at high application rates; and
establishment of some prairie species did not appear to be

affected by the application of sludge.
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CHAPTER 1
PROBLEM

Municipal sewage sludge, the product of waste water
treatment, is currently in surplus in the U.S. Most of the
sludge, also called biosolids, is disposed of by placement
in landfills or oceans, while a lesser amount is applied to
land. Sludge is made up mostly of water; solids generally
comprise less than 10 percent of the total by weight. It
contains nitrogen, phosphorus, potassium and heavy metals
such as cadmium, copper, chromium, iron, lead, and nickel.

Agricultural and reclamation lands receive the majority
of land-applied sludge. The fertilization sludge provides
is important to these land uses. Lands supporting native
vegetation such as prairie and forest, receive little
disposed sludge. State and federal regulations establish
the application rate of sludge to land by specifying the
nutrient levels and heavy metals quantities which can be
applied. These regulations are designed to prevent high
levels of heavy metals and other compounds from accumulating
in the soil and making their way up the food chain.

As native prairie has been virtually destroyed in Iowa
(Drobney 1994), reconstructing new prairie areas preserves
some of our natural heritage. Prairie, from a utilitarian

perspective, is a low maintenance cover compared to turf



grasses or other vegetation that require frequent mowing and
watering. Also, the extensive roots of some prairie species
may hold the soil better and be more drought resistant
(Weaver, 1954) than other common permanent vegetation covers
such as crownvetch (Cornillia varia) and brome grass (Bromus
inermis) .

By applying sludge to reconstructed prairie, we may
concurrently provide a remedy for two problems. It would be
especially beneficial if sludge application were to promote
establishment of reconstructed prairie. The result could be
an increase in reconstructed prairies and less sludge put
into landfills. This study was designed to determine the
effect of sludge application on establishment of prairie

vegetation.



CHAPTER 2

LITERATURE REVIEW

Native Prairie in Iowa

Native tallgrass prairie in North America has all but

disappeared. Iowa was once covered by about 85 percent
prairie totaling 30 million acres (ac) (12.1 million
hectares (ha)). Currently, Iowa has only about one-tenth of

one percent remaining, which is less than 30,000 ac (12,141
ha) (Roosa 1976). Conversion of land to agricultural use
was the primary cause of the prairie's demise. The
depletion of one of our primary native ecosystems compels us
to attempt to restore and reconstruct tallgrass prairie.

Tallgrass prairie is found in the higher rainfall areas
of the grasslands region of North America. It is a diverse
ecosystem supporting hundreds of species of plants,
invertebrates, birds and mammals. Often, ecosystems are
considered for the uses that humans can attain from them.
Prairie has many beneficial uses such as soil development,
erosion control, wildlife habitat, recreation and education
uses. These benefits and the aesthetic qualities of prairie
drives the need to regain some of the biodiversity that has
been diminished in our North American heritage.

In the past 30 years or so, prairie restorations and

reconstructions have been actively attempted and



successfully completed. Eight years after the First Midwest
Prairie Conference (held in 1968), Schramm (1976) noted it
was obvious there was much we did not know about prairie
restoration. Only a few present at the conference could
offer concrete suggestions on how to propagate various
species and achieve some semblance of a prairie community.
As a result of the many ideas shared at the Midwest Prairie
Conference and now the North American Prairie Conferences, a
great deal more is known than in 1968.

An overview of the considerable amount of literature on
prairie restoration and reconstruction follows.

Re-Establishment Definitions

Prairie restoration and reconstruction should imply two
different things. The terminology is in flux and the two
terms are often misused. Reconstruction is when an area has
no prairie vegetation or no vegetation at all, and the
prairie has to be established by planting seeds or
transplanting seedlings. On the other hand, if relic
prairie species exist and prairie can be re-established by
burning, clearing, or planting seeds or a combination of
these, then this is a restoration (personal communication
Daryl Smith 1995).

Restoration is taking an existing prairie parcel that

is degraded and restoring it to a higher quality prairie,



This could include adding other species, clearing it of
invading weeds and/or woody vegetation, burning it or a
combination of these things. The term restoration is used
more often and in a more general way than reconstruction.

Local Ecotypes

Particularly important is the use of local ecotypes in
establishing prairie (Schramm 1990; Knapp and Rice 1994).
Plants are adapted to the regional climate where they are
located. Ecotypes are defined as genetically differentiated
strains of a population that have become adapted to specific
site characteristics, i.e., soil moisture, length of growing
season, etc. (Smith and Houseal 1997). Before there was an
understanding of local adaptation, plantings of non-local
seeds sometimes resulted in poor stand vigor, reduced
productivity, or failure of the stand (Knapp and Rice 1994).
Local ecotypes should improve establishment of prairie
plantings.

Establishment and Management Techniques

A prairie planting takes several years to become
established depending on the climate and soil conditions,
competition from other plants, and seed germination rate.
Several management techniques have been developed to aid the

establishment of reconstructed prairie in the early phase.



Some of these techniques are used after a prairie is growing
well on its own.

Weed Control and Early Establishment

Reduction of competition by weeds is important in the
early stages of prairie reconstruction. Well known weed
control techniques include burning, chemical and hand
removal, and mowing (Betz 1984; Diboll 1987; Kurtz 1992;
Schramm 1976; Schramm 1990) .

Burning is probably the best method for continued
maintenance of native prairie. Prairie is adapted to fire
and responds positively to it, whereas most weeds are not so
adapted and will die out following fire. This techniqgue can
also be used to aid in initially establishing a prairie to
remove weeds and provide a bare area to sow the seeds
(Schramm 1976; Schramm 1990).

Hand weed removal is an effective method to assist
prairie in becoming established but is very labor intensive.
Also, those removing the weeds must be able to tell the
difference between prairie and weed species, so that “good”
plants are not removed. Chemical weed removal can be
harmful to prairie plants and still not completely control
the weeds. This method can be expensive as well. Chemicals
are most often used to rid an area of weeds before the

prairie seeds are planted (Schramm 1976; Schramm 1990). It



is not common practice to use chemical herbicides on native
prairie.

Given enough time, prairie plants will generally out
compete the weeds. 1In a reconstruction experiment by Kirt
(1990), no burning or weed removal was done. After four
years, weed coverage decreased and prairie plant coverage
increased. This example illustrates the hardiness of
native prairie over non-native or early successional
species.

Another very effective method to aid prairie
establishment is mowing (Kurtz 1992; Diboll 1987). Mowing
removes the tops of the weeds, thus preventing seed
development. Mowing allows more sunlight to reach the
slower growing prairie underneath the weeds.

Nitrogen Manipulation

A little known technique that would aid in the
establishment of a reconstructed prairie is soil
impoverishment. This involves applying materials such as
sawdust and sugar or other organic material such as compost
to tie up the available nitrogen in the soil. Prairie
plants can tolerate low levels of available nitrogen while
weeds cannot. This technique, suggested and presented by
Morgan (1994), allows the prairie species to get a head

start in establishment without weed competition.



Others have had mixed results with this technique
(Davis and Wilson 1997; Seastedt et al. 1996; Wilson and
Gerry 1995). In the Davis and Wilson (1997) experiment, the
plants were killed following the second sugar treatment.
Seastedt et al. (1996) reported that one weed species
density was reduced but the other two species, one native
and one weed, were not significantly effected. Wilson and
Gerry (1995) found that the area of bare ground increased
while nitrogen availability decreased, but native seedling
density did not increase. Perry et al. (1986) noted that
low amounts of available phosphorus allow established warm
season grasses to persist. Also lack of persistence has not
been attributed to too little nitrogen or potassium. Wedin
and Tilman (1996) found that nitrogen loading caused a loss
of diversity, increased abundance of non-native species and
disrupted ecosystem functioning. However, warm season
grasses showed an increase in biomass at very low nitrogen
loading rates. Warm season dgrass biomass decreased as
nitrogen was added to the areas.

The research presented here deals with soil enrichment
not soil impoverishment. Although no experiment exactly
like this has been done before, other experiments with
nitrogen loading have been done. Sludge contains nitrogen,

potassium and phosphorus in varying amounts and thus



fertilizes the soil. This experiment may show that at very
small amounts of sludge application, there is no harmful
effect on a reconstructed prairie. Further, it may show
that some amount of sludge can be safely placed on native
prairie as a way of using some of the large gquantities that
are produced each year.

Sludge—-the Problem

As of 1982 in the United States, an estimated 8.6
million dry metric tons of sludge were produced annually
(Feliciano 1982). Sludge contains fecal material, paper
fibers, food wastes, oil, paints, detergents, cleaning
agents and industrial wastes. These wastes contain nearly
every inorganic and organic compound known to man, and a
variety of viruses, pacteria, and parasites (Feliciano
1982).

Since sewage sludge is so abundant, disposal and use is
becoming an increasingly difficult task. There are five
basic ways to currently use or dispose of sludge: land
application, landfilling, incineration, ocean dumping, and
lagooning. According to the U.S. Environmental Protection
Agency as reported by Elliott (1986), land application
accounted for 42 percent by volume of sludge generated in

1981. This was an increase from 26 percent in 1976.



The Solution to Sludge

Land-applied sludge is most frequently placed on
agricultural land. Other land applications include park
land development, reforestation projects and strip mine
reclamation. Little or no land-applied sludge has been
placed on reconstructed prairie.

Sludge has been reported to assist vegetation
establishment on impoverished soil (Elliott 1986) and mine
tailings (Joost et al. 1987; Pietz et al. 1989). When
sludge is applied in reclamation projects, it is generally
added to improve soil conditions such as soil structure,
organic carbon, and water-holding capacity (Joost et al.
1987). Since sludge contains so much water (approximately
90%), it provides much needed moisture to newly planted
seeds and seedlings.

The public has an unfavorable view of sludge for many
reasons including odor, pathogens, contamination of ground
and surface waters, toxicity to plants and increased
potential of toxic metals in the food supply (Council for
Agricultural Science and Technology 1976).

Government regulations govern the application of and
the rates at which sludge can be applied to land.
Currently, the heavy metals in many municipalities’ sludge

are of major concern because once they enter the soil they

10
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are considered permanent soil constituents. Heavy metals
can accumulate in the food chain and pose a human health
hazard when food (grain crops, beef, pork) is produced on
land that received one or more sludge applications
(Feliciano 1982; Elliott 1986). Because heavy metals are
taken up by food crops such as vegetables, their intended
use as food for human consumption poses a health hazard
(Valdares et al. 1983; King 1986). Some commercial
distributors will not accept produce grown by farmers who
use sludge. Also, the public has a negative perception of
sludge use in food production (Feliciano 1982). However,
King (1986) reports that when sludge is applied at a rate to
supply only the nitrogen a crop requires, the heavy metal
loading rates are generally low and don't pose a significant
risk to crops, animals or humans. Metal loading rates
depend on the plant species and the metal. Some plant
species accumulate metals more than others and cadmium tends
to accumulate in plants more than other metals (King 1986).
Information on long term effects of metal loading on native
prairie species was not found.

Another problem associated with sewage sludge use on
land is pathogens. The most common way to reduce pathogen
numbers is to stabilize the sludge by adding lime. This

method substantially reduces, but does not eliminate
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pathogens. Other treatments to reduce pathogens include
composting and heat treatment which generally inactivate
these microorganisms (Feliciano 1982). The risk of human
and animal exposure to pathogens can be reduced. Using
specified waiting periods after application depending on the
intended land use (Elliott 1986) accomplishes this. Also,
as reported by Elliott (1986), there is little danger of
disease transmission from properly managed land application.
Properly managed application includes not applying sludge on
steep slopes, not applying it near waterways, and not
allowing grazing or other activity on the land for several
days following the application.

Despite the problems of land-applied sludge, there are
other acceptable uses. Another use for sludge other than
traditional agricultural land and reclamation projects, is
on grass that is not intended for consumption, such as golf
courses, sod farms, and other turf grasses (Elliott 1986).
The problems discussed above are not major issues for non-
consumptive types of vegetation. Reconstructed prairie
would also fall under this category and thus be minimally
affected by the problems discussed above.

Vegetation Establishment Using Sludge

Sludge has been used to assist in vegetation

establishment. Most of the related literature focuses on
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two areas: 1) reclamation projects using native and non-
native vegetation, particularly on coal refuse strip-mine
spoils, and 2) agricultural land, generally forage crops.

Pietz et al. (1989), reported on the revegetation of
coal refuse material using sludge in the Metropolitan
Sanitary District of Greater Chicago, Fulton County,
Illinois. Several different treatments were used with
various combinations of sewage sludge, lime, and gypsum.

The vegetation included three species: smooth brome (Bromus
inermis), tall fescue (Festuca arundinacea), and alfalfa
(Medicago sativa). They reported plant yields increased
each year between 1978 and 1980. The highest yield obtained
occurred in 1980 under a treatment of sludge and lime (Pietz
et al. 1989).

A similar study was conducted by Joost et al. (1987) in
Williamson County, Illinois at Peabody Coal Company's Will
Scarlet Mine where reed canarygrass (Phalaris arundinacea),
tall fescue, and redtop (Agrostis alba) were seeded. The
various treatments (sludge plus lime in different amounts)
sustained stands of grass for the four years of this study.
Sabey and Hart (1975) reported that wheat (Triticum
aestivum) plots treated with municipal sewage sludge had

yields greater than or equal to no-sludge plots.
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Another study by Schramm and Kalvin (1976) used native
prairie species on a strip mine reclamation. Unlike the
previous studies discussed they did not use sludge. No
fertilizer of any kind was used. They reported that 10 days
after planting, germination of grasses and forbs occurred.
For strip mines, they concluded that some species will grow
in this harsh environment, but that rainfall more than
nutrients may be a limiting factor. On a landfill,
conditions can be quite dry as well. A capped cell at a
landfill is designed to drain quickly and not allow water to
pool. Liquid sludge provides much needed moisture, as it 1is
over 90 percent water and nutrients.

In agriculture, sludge as an additive 1s considered a
low grade fertilizer (Elliott 1986), since there is little
control over the amount of nutrients in it. The amount of
nitrogen (N) in sludge is inconsistent and unreliable. To
get the needed amount of N in an application, the level of
phosphorus (P) can be extraordinarily high. These high
levels of P, then can cause eutrophication of nearby ponds
and lakes (Knezek and Miller 1978). However, the sludge
does improve yields and forage quality (King 1986; Knezek
and Miller 1978) or has no effect on it (King 1986).

Because of the high P in many sludges, Iowa Department of

Natural Resources (DNR) has placed restrictions on where and
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when sludge is applied to any land. Iowa DNR stipulates the
steepness of slope, distance from a waterway and length of
waiting period for continued or future use. These items are
different depending on the type of sludge being applied (IAC
1994) .

Prairie on low relief and a sufficient distance from
surface water should be an acceptable site for sludge
disposal and use. If the sludge positively effects prairie
vegetation establishment and after further testing
demonstrates no adverse effect on the wildlife and human
managers, it should be an excellent avenue for sludge use.
In ideal prairie situations, the current maximum allowable
rates of application set by state regulations could be
relaxed. Then we could begin to more broadly distribute the
large surplus of sewage sludge in the U.S. in places never
thought of before.

Objectives

The purpose of this study was to determine the effect
of sludge application to recently reconstructed prairie.

The objectives of this study were to measure and
compare the effect of three rates of sludge application on
1) recently seeded prairie plants, and 2) non-native species
including weeds and timothy (Phleum pratense). Another

objective was to use the data obtained to evaluate the
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practicality of sludge disposal on reconstructed prairie in
the future. The null hypotheses are that coverage and
frequency of 1) prairie grasses and forbs will not be
effected by the sludge application, 2) timothy (Phleum
pratense) will be effected by sludge application and 3) weed
species will be effected by sludge application. The data
will be used to determine how sludge effected native prairie

species interrelationships within the treatment community.
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CHAPTER 3
METHODS

This project was conducted at the Black Hawk County,
Iowa sanitary landfill located south of Waterloo on Washburn
Road in Section 23 T88N R13W (Orange Township) (Figure 1).
The specific study site was a capped cell of the landfill
called Area C. Although Area C is approximately 17 acres
(6.8 hectares) in size, much of it consists of side slopes
of a constructed hill. Therefore only 0.5 acre (0.2
hectare) near the top of this area was used to avoid
variations in slope (Figure 1).

Area C was capped in 1994, First a layer of foundry
sand was placed on the material in the landfill, followed by
two different clay layers as required by Iowa State
regulations. These sand and clay layers were then covered
with a six-inch (15.2 cm) layer of previously stockpiled
topsoil so that vegetation could be planted to reduce
erosion. Eight to twelve inches (20.3-30.5 cm) of coarse
compost and sewage sludge were disked into the topsoil to
produce a total 14-18 inch (35.6-45.7 cm) thick substrate
which is fairly uniform. However, the sludge was not evenly
placed on Area C. The northeast side received more sludge
than the rest of the site (personal communication Dennis

Ehns 1995).
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Landfill Seeding

In September 1994, a mixture of Regreen® (Agropyron x
Triticum) a sterile fast-growing hybrid, timothy (Phleum
pratense), rye (Lolium perenne), and annual oats (Avena
sativa) was seeded on Area C. The following seeding rates
were used for the cover crop: Regreen®- 20 lbs/acre (17.8
kg/ha), oats—- 1.5 bushels/acre (42.8 kg/ha), rye- 2.5
lbs/acre (2.2 kg/ha) and timothy- 0.5 lbs/acre (0.45 kg/ha).
They each grew to approximately 3 inches (7.6 cm) before the
first frost. The Regreen®, timothy, and rye are perennials
and regrew in the spring. The Regreen® and rye persisted
through 1996. The timothy continues to persist on the site.

On May 18, 1995 a native prairie seed mixture was
planted with Black Hawk County’s native seed drill on the
study site. It contained big bluestem (Andropogon
gerardii), little bluestem (Schizachyrium scoparium), Indian
grass (Sorghastrum nutans), sideoats grama (Bouteloua
curtipendula) and 49 species of forbs. The seeding rate for
this mixture was 12.5 lbs/acre (11.1 kg/ha). The mixture
was obtained from a nursery called Ion Exchange that
specializes in harvesting local Iowa ecotypes. The forbs in

this mix are listed in Table 1 below.



Table 1. Black Hawk County Landfill Study Site

Species List

Common Name

Scientific Name

Leadplant

Thimbleweed

Columbine

Butterfly Milkweed
Whorled Milkweed

Sky Blue Aster

Canada Milkvetch

False Boneset

Tall Bellflower
Partridge Pea
Lanceleaf Coreopsis
Prairie Coreopsis
Purple Prairie Clover
Illinois Bundleflower
Pale Purple Coneflower
Purple Coneflower
Rattlesnake Master
Tall Boneset

Flowering Spurge
Cream Gentian

Stiff Gentian

Showy Sunflower
Western Sunflower
Ox-eye Sunflower
Roundheaded Bushclover
Rough Blazingstar
Dwarf Blazingstar

Wild Bergamont

Dotted Mint

Evening Primrose
Small-Flowered Primrose
Large~Flowered Beardtongue

Prairie Cinquefoil

Amorpha canescens
Anemone cylindrica
Aquilegia canadensis
Asclepias tuberosa
Asclepias verticillata
Aster azureus
Astragalus canadensis
Brickellia eupatorioides
Campanula americana
Chamaecrista fasciculata
Coreopsis lanceolata
Coreopsis palmata

Dalea purpurea
Desmanthus 1llinoensis
Echinacea pallida
Echinacea purpurea
Eryngium yuccifolium
Eupatorium altissimum
Euphorbia corollata
Gentiana alba

Gentiana quinquefolia
Helianthus rigidus
Helianthus occidentalis
Heliopsis helianthoides
Lespedeza capitata
Liatris aspera

Liatris cylindracea
Monarda fistulosa
Monarda punctata
Oenothera biennis
Oenothera parviflora
Penstemon grandiflorus

Potentilla arguta

20
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Common Name

Scientific Name

Slender Mountain Mint

Mountain Mint

Drooping Yellow Coneflower

Early Wild Rose
Black-eyed Susan
Brown-eyed Susan
Maryland Senna
Medsger's Senna
Rosinweed

Compass Plant

0ld Field Goldenrod
Stiff Goldenrod
Showy Goldenrod
Ohio Spiderwort
Hoary Vervian
Heartleaf Alexanders
Big Bluestem
Sideocats Grama

Little Bluestem

Indiangrass

Pycnanthemum tenuifolium
Pycnanthemum virginianum
Ratibida pinnata

Rosa blanda

Rudbeckia hirta
Rudbeckia triloba

Senna marilandica

Senna medsgeri

Silphium integrifolium
Silphium laciniatum
Solidago nemoralis
Solidago rigida

Solidago speciosa
Tradescantia ohiensis
Verbena stricta

Zizia aptera

Andropogon gerardii
Bouteloua curtipendula
Schizachyrium scoparium

Sorghastrum nutans

Mowing

The original plan called for the study

the rest of Area C to be mowed two to three

site along with

times in 1995

and 1996. It was mowed according to plan in 1995. 1In 1996,

mowing was delayed due to concern for birds nesting on Area

C. It was mowed only once in 1996 at a later date than was

optimum for weed control

was mowed except the study site.

{late July).

In 1997 all of Area C

The mowing operator was

concerned about running over the permanent transect stakes

and the possibility of causing damage to the mower and/or

the stakes.
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Sludge Application

Municipal liquid sewage sludge from the city of Cedar
Falls, Iowa was applied to the experimental plots in July
1996 and April-May 1997. Before this sludge could be
applied, permission had to be obtained from the Iowa
Department of Natural Resources. Generally an application
to apply sludge very near to steep slopes, would require a
permit providing an exception to the regulations under IAC
567-67. Since this project was for education and research
for a limited time, a permit was not required. The only
requirement was a letter to Iowa DNR informing them of the
project plans. An information letter was submitted to them
each year.

The 0.5 ac (0.2 ha) site was divided into four non-
replicated plots oriented north-south side by side near the
top of Area C. The site measured 100 ft. (30 m) by 250 ft
(76 m). Each plot measured 59 ft. by 100 ft. (18 m by 30 m)
with a buffer between each plot of about 4-5 ft. (1.2-1.5
m). Due to limitations in available space the plots were
configured in this way and not replicated. The top of Area
C is relatively narrow with steep side slopes and I wanted
the plots to be on fairly level ground. The truck that
applies the sludge is large and making more plots (i.e., 8
plots in a randomized design) would be even more difficult

for the truck to maneuver around than with just four plots.



23

The method to apply the sludge is inaccurate and several
smaller plots would make the application method even less
accurate. Given the available area on top of Area C, the
layout of the four plots was the best use of the land.

Sludge was applied in 1996 and 1997. One plot
(Treatment 1) received 1/2 truck load of liquid sludge each
vear. The second plot (Treatment 2) received 1 load, and
the third plot (Treatment 3) received 1 1/2 loads of sludge
each year. See Figure 1 for plot locations and
designations. A fourth plot of equal size served as an
unamended control. One truck load of sludge contains about
2000 gallons (7570 liters). The sludge was analyzed for
nutrient and metal content at a local laboratory facility.
Copies of the results of the sludge analyses for 1996 and
1997 are shown in Appendix A.

The amount of nitrogen in a lcad can be calculated
fairly easily if the analytical information is available.
For example, the amount of N for Treatment 1 which received
1/2 load of sludge or about 1000 gallons (3785 liters) is
calculated as follows: sludge weighs about 8.5 1lbs/gallon
(4.9 kg/liter). 1In 1997, the percentage total solids was
4.17%. Therefore 8.5 1lbs x 1000 gal. x 0.0471 = 400.35 1lbs
s0lids/1000 gallons. Ammonia nitrogen (NH3) in this sludge
sample (dry weight) was 15,700 ppm. To obtain the rate of

NH3/1000 gallons; 15,700 ppm = 1.57%. Then 400.35 x 0.0157
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= 6.29 1lbs NH3/1000 gal. This gives a rate of 6.29 1lbs
NH3/1000 gallons. The same calculations have been done for
1996. Table 2 illustrates the amount of ammonia nitrogen

applied to the three treatments each year:

Table 2. Rates of Ammonia Nitrogen (NH3) Application to

Research Plots

1996 1997
(lbs/ac) (lbs/ac)
Treatment 1 60 44
Treatment 2 119 89
Treatment 3 179 133
Control 0 0

To apply the sludge, a truck containing the sludge was
driven to the study site at the top of Area C. The plots
were clearly marked with flags for the driver. The sludge
was sprayed over the plots from the back of the truck. In
order to cover each plot, several passes were made over
them. This method of application is not precise and did not
allow determination of an even distribution of sludge on
each plot. The driver uses a gauge in the cab of the truck
to assist him in determining the amount of sludge remaining
in the tank. However, from experience he observed that the

gauge does not accurately indicate the amount of sludge
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remaining. Specifically it tended to be less accurate as
the amount of sludge in the tank decreased. He could
estimate about how much actually remained by comparing the
length of time and the speed at which he’d been applying to
the gauge reading (personal communication Bill Keith 1996).

Monitoring

Each plot was sampled monthly one year after seeding,
June through September for 1996 and 1997. In 1996,
monitoring started one month prior to the sludge
application. In 1997, sludge was applied in the early
spring, so monitoring began about 1 to 1% months after the
application.

Within each plot, two 98-foot (30-meter) permanent
transects were established. A guadrat was sampled every
other meter along each transect so a total of 30 quadrats
were sampled per plot. 1In each quadrat, species present and
percent coverage of each of those species were recorded.
Percent coverage was estimated to fall within one of the
following ranges: 0-5%, 5-25%, 25-50%, 50-75%, 75-95% or 95-
100%. Total coverage in any gquadrat could total more than
100% given these ranges and plants overlapping coverage
areas. The midpoint of each of these ranges (2.5%, 15%,
37.5%, 62.5%, 85%, 97.5%) was converted to a real area in
square meters per m®* (0.025, 0.15, 0.375, 0.625, 0.85, 0.975
%)

m and used in calculating coverage, instead of percent
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coverage for each transect (Daubenmire 1959). From these
data, coverage (area per square meter), relative coverage,
frequency, relative frequency, and importance value could be
determined for each species. Coverage is defined as the
area of the ground occupied by a vertical projection 1-2
inches above the ground from the aerial parts of the plant.
Relative coverage for a speciles is the coverage for that
specles expressed as a proportion of the total coverage for
all species. Frequency is the number of samples out of 30
in which a species occurs. Relative frequency is the
frequency of a given species as a proportion of the sum of
the frequencies for all species (Brower and Zar 1977).
Importance value is the sum of the relative coverage and
relative frequency and provides a means of combining the two
for determining the relationship within the community.

The species were categorized into three groups
including cover crop (timothy (Phleum pratense)), weeds, and
native prairie species. Timothy was in its own group
because it was planted as part of a cover crop and did not
appear on the site voluntarily. Native prairie is of
primary interest in this study, but timothy and weeds
warrant study because they could be competing with prairie
species and sludge could effect them also. Thus there are

three groups discussed throughout this paper.
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Data Analysis

Following data collection, a statistical analysis was
conducted. Each data entry is equal to one observation of
coverage and frequency for one species. There was potential
to have a maximum of 30 observations for each species per
plot. The number of observations for each species ranged
from one per plot to 29 per plot. Thus the data set was
made up of unequal samples. Note that the data entered into
the statistical analysis is from non-replicated plots.
Limited or no extrapolation to other studies from the
statistical analysis can be made because of this. Because
plot location is confounded with plot treatment, it is not
possible to say whether differences between plots are due to
treatments.

Using Microsoft Excel 7.0, descriptive and summary
statistics such as mean, median, standard error, sum, count
and range were determined. Determinations were made on the
following: all species for September 1996 and September
1997, weed species, prairie species, timothy (Phleum
pratense) and individual prairie species that appeared in
more than two plots in September 1997. A 95% confidence
interval was also calculated with the summary statistics.

The subsample mean for a group or individual species in
each plot treatment was graphed. Error bars were added to

show the 95% confidence interval about the mean. Thus the
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variability within a plot can be shown and compared to other
plots of the same group or individual species. Some
individual species were observed only one time in a plot and
therefore no error bars could be added.

September 1997 data represent the culmination of the
1996 and 1997 growing seasons. Since prairie develops and
matures over several years, the 1997 data would represent
the most developed prairie for which data are available.
Note two species, Black-eyed Susan (Rudbeckia hirta) and
Illinois bundleflower (Desmanthus illinoensis), did not
appear in September, but had appeared earlier in the year.

Soil Sampling

In March 1998, a composite soil sample for each plot
was collected. Ten soil samples were collected within each
of the four plots. The samples for a plot were placed into
a clean bucket and the contents were thoroughly mixed. One
sample for the plot was collected for analysis from this
composite. This technique was repeated for each plot. The
samples were analyzed at a commercial laboratory in Eagle
Grove, Iowa. The samples were analyzed for available
nitrogen (nitrate nitrogen), total (Kjeldahl) nitrogen,
potassium, phosphorus, pH and organic matter. The method
used to analyze nitrate nitrogen and total nitrogen was
Lachet. The method used to analyze the potassium was

exchangeable potassium/ammonium acetate. Phosphorus was
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analyzed using Bray-1l and organic matter was analyzed using

loss of ignition method.
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CHAPTER 4
RESULTS AND DISCUSSION
Results from this study include data on coverage,
frequency and the number of individual prairie species.
Also presented is frequency on the four research plots and
soil composition data.

General Observations

The prairie seed mix was planted on May 18, 1995.
During the first three to four weeks after planting,
rainfall events allowed the seeds to germinate and grow to
approximately an inch or so in height. Starting in late
June and through much of July, there was little
precipitation for extended periods. The plants that had
germinated were then experiencing very dry conditions. The
precipitation data show that July 1995 received less than 2
inches (5.08 cm) of rainfall (NOAA-NCDC 1995). This is 3
inches (7.6 cm) below the 30-year normal for this month
(NOAA-NCDC 1995). 1In early July 1995 the contractor on
site, Denver Construction, watered the top of Area C at my
request. Precipitation data from May through September
1995-1997 is included in Appendix B. The data show that all
three years had below normal rainfall for most of the months
recorded (May-September). The year 1996 was the driest of

the three. Each month from May through September 1996
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received less than the 30-year normal precipitation for a
total shortage of over 6 inches (15.2 cm).

Cover Crop

The cover crop, planted in September 1994, contained
Regreen®, oats, rye and timothy. It grew quickly and
provided sparse cover the first year. The cover crop on a
landfill is critical to keep the soil in place so the cap
does not deteriorate. If the soil is allowed to erode the
integrity of the cap can be altered and eventually if this
continues, garbage can become exposed. Even though the
vegetation was sparse the first year, coarse compost had
been incorporated into the soil prior to the planting. The
coarse compost aided the vegetation in holding the soil in
place until 1995 when the cover crop regrew and was thicker
than 1994.

Each cover crop species had a time line for functioning
for erosion control. The Regreen® was purported to survive
for about three years but not reproduce. As expected, it
followed that time line. Oats are an annual species and
were not expected to live beyond 1994. They did not persist
into 1995. Rye i1s a perennial species and was anticipated
to persist for two to four years. It persisted for about
two years before dying out. Timothy is also a perennial
that was expected to persist for several years. It has done

better than expected and continues to return each year. 1In
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some regions on Area C, in general, and the study site in
particular, there is almost a solid stand of timothy.
Although this is not desirable from a prairie establishment
and diversity standpoint, it is beneficial to maintaining
the cap at a low maintenance cost. However, it may have
interfered with establishment of prairie species. Future
cover crop seedings should include a lower seeding rate of
timothy (<0.5 lbs/acre (0.45 kg/ha)) than was used at this
location or it could be left out altogether. The sludge
applied to the study site may have contributed to the
abundance of timothy. This is discussed later in this
chapter.

Soil Analysis

There was not a clear correlation between the amount of
sludge applied and the amount of nutrients found in the soil
in the four plots (Appendix C). It was expected that the
control would have the lowest levels of nutrients while Plot
3 would have the highest levels since the largest amount of
sludge was applied to it. The pH was similar for all four
plots ranging from 7.5 to 7.8. Nitrate nitrogen, the
available form of nitrogen, was the only nutrient that
correlated somewhat to the amount of sludge that was
applied. In the control it was 3.2 ppm. In Plot 1 it was
9.45 ppm. Plot 2 had a level of 8.35 ppm and Plot 3 had a

nitrate nitrogen level of 11.2 ppm. Total nitrogen and
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phosphorus were highest in Plot 1. Potassium was highest in
the control. . Organic matter was the highest in Plot 2.
Soils are variable by nature. But soils that have been
stripped and replaced later, often provide highly variable
results when sampled. Randy Killorn (1998) Iowa State
University Soil Fertility professor, theorizes that when
soll is stockpiled it is broken apart and settles out by
particle size. The size of the particle affects its cation
exchange. When the soil is replaced it is not mixed as a
natural soil would be so that large particles are grouped
together separate from the small particles. This could
create unusual results in the nutrient tests. If the soils
within the plots had been sampled prior to the start of the
project then this would have provided a reference point for
the impact of the sludge on the soils in each of the
treatments. In Killorn’s opinion, the soil analysis results
found in this experiment are not entirely inconsistent with
the amount of sludge placed on the plots. However he said
without base line information on the soils we can not be
certain of the conditions prior to the applications
(personal communication Killorn 1998). Nevertheless, it can
be assumed that the nutrients of the control are similar to

those in the other plots prior to treatment.
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Prairie Species Present

Of the 49 forbs and four grass species seeded on the
study site, 18 of the forbs and all the grasses were
observed. Fourteen of the forbs were found in quadrats
during sampling and the remaining four were present, but
outside all quadrats. Table 3 lists the prairie species
observed in quadrats by month in 1996-1997. Four species
observed outside the sampling quadrats were compass plant
(Silphium laciniatum), blazingstar (Liatrus sp.), hoary
vervain (Verbena stricta) and leadplant (Amorpha canescens).

Switch grass (Panicum virgatum) was observed in sparse
numbers. It was not part of this seeding mix, but was
present in a nearby planting and evidently migrated into the
study site. Rosinweed (Silphium integrifolium) was listed
in Ion Exchange’s dry site seed mix. This species was not
observed. Instead prairie dock (Silphium terebinthinaceum)
was observed in quadrats. The prairie dock may have been
included in the mix accidentally or substituted for the

rosinweed without my knowledge.
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Table 3. Prairie Species Observed Each Month

9 9 6|1 9 9 7

Species JJy A S|J]J Jy A S
Andropogon gerardii X X|X X X
Bouteloua curtipendula X XX X X
Panicum virgatum X X X
Schizachyrium scoparium X X X X X X
Sorghastrum nutans X X X
Asclepias verticillata X X XX X X X
Aster azureus X X X
Brickellia eupatorioides X X XX X X X
Chamaecrista fasciculata
Coreopsis lanceolata X X XiX X X
Desmanthus illinoensis X X XX
Echinacea pallida X
Echinacea purpurea X X1X X
Helianthus occidentalis X
Heliopsis helianthoides X
Ratibida pinnata X X X X X X
Rudbeckia hirta X X X X
Silphium terebinthinaceum X X
Solidago rigida X X X X

Note: J = June, Jy = July, A = August, S = September

Some species appeared then disappeared as the growing
seasons progressed. Species that were not present at the
end of the season in 1996 were partridge pea (Chamaecrista

fasciculata), pale purple coneflower (Echinacea pallida),
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and drooping yellow coneflower (Ratibida pinnata). Western
sunflower (Helianthus occidentalis) was present in July,
August and September 1996 and reappeared in August and
September 1997. Pale purple coneflower (Echinacea pallida)
appeared in August 1996 and June and September 1997. Little
bluestem (Schizachyrium scoparium) and lanceleaf coreopsis
(Coreopsis lanceolata) were both absent in August, 1996 but
present in all other months. Indian grass (Sorghastrum
nutans) did not appear until 1997, but was present in all
four of those months. Prairie dock (Silphium
terebinthinaceum) did not appear until August and September
1997. Two species were observed only once in the transects,
Partridge pea (Chamaecrista fasciculata) in August 1996 and
Ox-eye sunflower (Heliopsis helianthoides) in September
1996. Rigid goldenrod (Solidago rigida) appeared only in
June and July 1996 and 1997. Two species not present in
September 1997 were Illinois bundleflower (Desmanthus
illinoensis) and black-eyed Susan (Rudbeckia hirta). Table
3 is useful for an overall look at the species present in
each month.

The species that were observed most often are not
surprising given their adaptability. Drooping Yellow
coneflower (Ratibida pinnata) and black-eyed Susan
(Rudbeckia hirta) are species listed by Schramm (1976) as

low quality and easy to establish. High quality species
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according to Schramm (1976) are defined as occurring in high
numbers in undisturbed areas, occurring in low numbers in
disturbed areas, not weedy or aggressive, an important self-
reproducing component of a mature prairie and associated
with similar species. We can infer that low-quality species
do not possess these qualities. Sky blue aster (Aster
azureus), pale purple coneflower (Echinacea pallida) and
rigid goldenrod (Solidago rigida) are listed as medium to
high quality species with varying degrees of success for
establishment according to Schramm (1976).

A project conducted by Peven (1985) was successful in
establishing native prairie on landfills. Species that were
especially successful in the Peven study and appeared in
this study include big bluestem (Andropogon gerardii),
sideoats grama (Bouteloua curtipendula), Indian grass
(Sorghastrum nutans), black-eyed Susan (Rudbeckia hirta),
drooping yellow coneflower (Ratibida pinnata), purple
coneflower (Echinacea purpurea), ox-eye (Heliopsis
helianthoides), and false boneset (Brickellia
eupatorioides).

Other species that did well in the Peven (1985)
experiment that were also in the seeding mix for this study
but were not observed include wild bergamont (Monarda
fistulosa), evening primrose (Oenothera biennis) and purple

prairie clover (Dalea purpurea).
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A few other species in the Peven (1985) study were
common to my seeding mix but did not do well for him. These
species were little bluestem (Schizachyrium scoparium),
stiff goldenrod (Solidago rigida) and roundheaded bushclover
(Lespedeza capitata). Of these three species, little
bluestem (Schizachyrium scoparium) and stiff goldenrod
(Solidago rigida) appeared in my study. Little bluestem was
observed in all plots and would be considered a successful
seeding. Whorled milkweed (Asclepias verticillata) appeared
in the Peven (1985) study without being seeded. It was
included in the seed mix for this study and appeared in all
plots and months except July 1996.

Coverage

The coverage of plant species is a common measure used
by botanists and field ecologists. Coverage gives an
indication of the space occupied by a species. It provides
a measure of the success of establishment of a given
species.

Graphical Comparison

All the data are presented in square meters per m?. To
obtain percent coverage, multiply the coverage by 100. Note
that all following coverage graphs are labeled C, 1, 2 and
3. This stands for the Control plot, Plot 1, Plot 2 and

Plot 3.
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The 95% confidence interval is indicated on both sides
of each mean in each plot. For plots of individual species
containing only one observation, no mean and no confidence
interval could be shown and only a dot is shown.

Mean coverage data for September 1996 are plotted on
the following graph (Figure 2). 1In 1996, mean coverage for
all species combined generally remained constant as the
amount of sludge increased. The overlap in confidence
intervals show that the amount of variability from place to
place within each plot was similar and there is really no
difference between plots. When the mean coverage of
prairie, timothy and weeds were considered separately, the

results were more revealing (Figures 3-5).
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Figure 2. Mean Coverage of All Species in September 1996
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Mean prairie coverage was highest in the control plot
but varied with each treatment. Mean coverage was lower in
all three treatments but only slightly lower in Plot 2.
Again, the plot means all fall within overlapping confidence
intervals suggesting little difference in the treatments.

The mean coverage of timothy was much higher in Plots 1
and 2 than the control. It was lower in Plot 3 but may have
been affected by sludge. The sludge was applied in a fairly
thick layer on the fourth plot (Plot 3). Rainfall was not
adequate to rinse sludge from the plants. Many plant
species including timothy appeared to suffer because of
this.

Mean weed coverage was highest in the control plot and
generally decreased through increasing sludge amounts.
However, the treatment means all fall within overlapping
confidence intervals, suggesting that there is little

difference between the four treatments.
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Mean coverage of all species observed for September
1997 is plotted on the following graph (Figure 6). Mean
coverage of all species was numerically higher in each Plot
compared to the control plot. Plot 3 had slightly lower
mean coverage than Plot 2 including all species, natives and
non-natives. However, the treatment means all fall within
overlapping confidence intervals suggesting there is no

difference between the four treatments.
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Coverage sq. m.

Figure 6. Mean Coverage of All Species in September 1997

To determine if the mean coverage was different between
plots for weeds and native prairie, these groups were
analyzed separately. Prairie species mean coverage was
highest in the control and decreased with each increment of
sludge (Figure 7). It showed distinctive declines between
Plots 1 and 2. There was a small decline between Plots 2
and 3. From this, it appears that a small amount of sludge
may cause some decline in native prairie coverage. A larger
amount of sludge may cause further decline, but a threshold
is reached where the prairie coverage is about as low as it
can be without disappearing. Therefore, a trend toward

declining coverage with increasing sludge application
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appears to be present. Again, the confidence intervals of
the plots are overlapping, suggesting little difference in

the treatments.
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Figure 7. Mean Coverage of Prairie Species in September 1997

Timothy is plotted separately on Figure 8 for
comparison. Timothy’s mean coverage is very high compared
to the other species and increases with each treatment. Its
coverage appears to have an effect on the overall coverage
shown in Figure 6. Differences between plots are meaningful
as the confidence intervals overlap very little.

When the weeds (without timothy) are plotted (Figure
9), the results look quite different from Figure 6. Mean

weed coverage varies from plot to plot. There is no clear
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trend in weed coverage as shown by the graph. Given that
the confidence intervals are overlapping, there is no
meaningful difference between plots. There is not an
increase in coverage as is commonly thought to occur when a
prairie reconstruction has a fertilizer applied such as

sludge.
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Figure 9. Mean Coverage of Weed Species in September 1997

The mean coverage of individual species in each
treatment is interesting. Native species are graphed below
in Figures 10-20 with the exception of those that were
observed only in the control. These species include Indian
grass (Sorghastrum nutans), switch grass (Panicum virgatum),
prairie dock (Silphium terebinthinaceum), pale purple
coneflower (Echinacea pallida), Illinois bundleflower
(Desmanthus illinoensis) (last appeared in August 1997) and
rigid goldenrod (Solidago rigida) (last appeared in July
1997). This is a total of six species out of a total of 19
observed over the two years. These species may be
intolerant of sludge.

Several species decreased in mean coverage in the

treatment plots compared to the control plot. These species
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include big bluestem (Andropogon gerardii), sky blue aster
(Aster azureus), lanceleaf coreopsis (Coreopsis lanceolata),
and black-eyed Susan (Rudbeckia hirta) (Figures 10, 14, 16).
Some of these species did not appear in all plots. For
example, sky blue aster appeared in the control plot, Plot 1
and Plot 3 but not Plot 2. Coverage for species in these
plots generally decreased with increasing sludge
application.

Some species had an increase in coverage in the treated
plots. Species that showed no change or an increase in
coverage include sideoats grama (Bouteloua curtipendula) and
false boneset (Brickellia eupatorioides), (Figures 11 and
15). All the species in this group had an increase or no
change in coverage in Plot 1 only.

A third group of species showed no clear trend either
increasing or decreasing coverage. These species include
little bluestem (Schizachyrium scoparium), whorled milkweed
(Asclepias verticillata), purple coneflower (Echinacea
purpurea), western sunflower (Helianthus occidentalis) and
drooping yellow coneflower (Ratibida pinnata) (Figures 12-

13, 17-19).
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Figure 13. Mean Coverage of Whorled Milkweed (Asclepias

verticillata) September 1997
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Figure 15. Mean Coverage of False Boneset (Brickellia

eupatorioides) in September 1997
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Figure 16. Mean Coverage of Lanceleaf Coreopsis (Coreopsis

lanceolata) in September 1997
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Figure 17. Mean Coverage of Purple Coneflower (Echinacea

purpurea) in September 1997
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Figure 18. Mean Coverage of Western Sunflower (Helianthus

occidentalis) in September 1997
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Figure 19. Mean Coverage of Drooping Yellow Coneflower

(Ratibida pinnata) in September 1997
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