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ABSTRACT
Directing Ecosystem Restoration: Impact of Organic Amendments on Above- and
Belowground Ecosystem Characteristics.
(May 2007)
Lori Ann Biederman, B.A., Gustavus Adolphus College;
M.S., University of Minnesota

Chair of Advisory Committee: Dr. Steven G. Whisenant

Increasing interest among restoration ecologists exists in developing strategies
that stimulate biotic interactions and promote self-regulation in restored systems. These
approaches should target above- and belowground organisms because they interact to
regulate ecosystem pattern and process. In the following dissertation, I compare the
ability of organic amendments to alter above- and belowground biological community
structure and function to promote prairie establishment on Castle Drive Landfill in
Garland, Dallas County, Texas. Treatments included altering the location of organic
amendments in the soil profile, either applied to surface or incorporated, and varying the
amount applied. Plant community composition, grass population dynamics, soil nutrient
conditions, and soil biological parameters were monitored for three growing seasons.

Aboveground, the surface treatments were superior for the establishment of
desired and undesired plant species. Plant density patterns can be attributed to the
amelioration of physical conditions and the accidental burial of seed during

incorporation. Grass population dynamics suggest that surface-amended plots supported



v

establishment, but high-volume incorporated treatments were better for enhancing
survival through seasonal and long-term drought. Belowground biological responses
were affected by the plant community, and not by the amendment treatments. Soil
microbial biomass and carbon mineralization potential were larger in those treatments
with greater plant density. The structure of the nematode community suggests that
decomposition in the surface-amended plots was directed through bacterial channels
while decomposition in the incorporated plots was through fungal channels. It is likely
that the higher rates of plant productivity in surface treatments stimulated root exudation,
thereby favoring bacteria and the nematodes that feed on them. Treatment differences in
decomposition pathway were attenuated after 17 months. The soil quality indicators,
Cmic/Corg, ¢CO,, nematode family richness and nematode density, were not affected by
the restoration treatments or plant density, but did increase over time. The results of this
study suggest that restoration managers should direct their energies into establishing and
promoting a high-quality plant community. This can be manipulated with amendments,

but care is needed not to exceed thresholds within location treatments.
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CHAPTER I
INTRODUCTION

There is a need for restoration strategies that enable biotic interactions and
promote the self-regulation of ecosystem processes (Harris and Hobbs 2001). This
requires an understanding of how both the plant community and the soil ecosystem may
be stimulated to ameliorate the site’s physical conditions and regulate soil nutrient
cycling and availability (Reever Morghan and Seastedt 1999, Blumenthal et al. 2003).
In the following four chapters, I compare the ability of amendment treatments to alter
both aboveground and belowground processes and facilitate recovery in restoration.
These changes were monitored for three successive growing seasons to determine the
relative success of these treatments over time. Specifically, I compared the ability of
these treatments to initiate the establishment and function of southern mixed grass
prairie vegetation on a landfill soil cap. These prairie ecosystems are dominated by Cy4
native grasses and have high levels of belowground productivity with rich organic soils
(Rice et al. 1998).

The amendment treatments used in this study consisted of different rates of a
commonly available material that were altered in placement within the soil profile:
surface-applied or incorporated. These treatments were intended to uniquely influence
the physical and biological properties (Gill and Jalota 1996, Sanchez et al. 2000, Wher et

al. 2005). Surface amendments moderate soil temperature and lessen moisture loss by

This dissertation follows the style of Restoration Ecology.



reducing incident radiation on the soil surface (Tian et al. 1993, Price et al. 1998).
Infiltration is also improved under surface mulches (Agassi et al. 1998).

Incorporation of amendments also benefits the soil’s physical environment.
Imbedded material slows evaporation of soil water by disrupting capillary networks (Gill
and Jalota 1996). The incorporation of materials also reduces the shrink-swell capacity
of clay soils, which can prevent water loss during periods of little rainfall by retaining
the physical integrity of the soil’s surface (Weindorf et al. 2006). Further, the material
will itself retain moisture longer than those on the surface, and therefore can serve as a
moisture reservoir (Beare et al. 1992).

The demography of the target plant species may be affected by amendment
placement because differential plant morphology and access to soil resources will
improve survival or accelerate growth. Plants respond to surface mulches by increasing
root abundance and lateral growth at the surface, directly under the material (Chaudhary
and Prihar 1974, Cotrufo 2006). Furthermore, surface amendments also create a more
favorable microenvironment for seed germination and plant establishment (Winkel et al.
1991, Chambers 2000). The increased macroporosity in the incorporated treatment
improves plant rooting depth and elongation (Gorenevelt and Grunthal 1998, Liang et al.
1999).

The composition and size of the soil food web is also affected by different
locations of organic amendments. Surface material is physically separated from soil
organisms and therefore, decomposes slowly (Beare et al. 1992, Tian et al. 1993). This

amendment location also promotes a decomposition pathway dominated by fungi, which



are tolerant of desiccation and can translocate materials within their tissue from the
surface into the soil (Frey et al. 1999). Fungi and their consumers are more efficient at
nutrient cycling than bacteria-dominated soil food webs (Fu et al. 2000, Bardgett et al.
2002) and as such, fungal-dominated pathways are often targets of restoration (Smith et
al. 2003).

Incorporated amendments also influence the size and composition of the
decomposer community. These materials are imbedded into the soil and have increased
surface area exposure, which supports larger populations (Elliott et al. 1980, Killham et
al. 1993). This location treatment also affects soil ecosystem structure by promoting
organisms that respond rapidly to enrichment, such as bacteria and bactivorous fauna
(Beare et al. 1992, Fu et al. 2000). These bacteria-dominated soil food webs increase the
availability of nutrients and their rate of cycling (De Ruiter et al. 1993, Wardle et al.
2004).

To determine the effectiveness of these amendment treatments I compared their
ability to increase the density and diversity of the plant community. I also monitored
grass population dynamics over time to determine the amendments ability to effect plant
survival. Belowground, I measured the changes in the soil nutrient pools and the size
and composition of the soil food web. These belowground metrics include changes in
soil carbon and nitrogen pools, the soil quality indicators gCO2 and Cpic/Corg, and the
size and trophic distribution of the nematode community. I also measure two
mechanisms that would explain treatment differences in plant performance and soil

organism activity: soil temperature, which measures physical differences among



treatments, and mid-day plant water potential, a physiological mechanism. Finally, I
compared the nutrient storage and processes of the experiment with a nearby native
prairie and an older restoration reference.

By comparing both above- and belowground biological responses, I sought to
uncover the mechanisms behind the amendment treatments. This will help determine the
appropriate application method and amendment amount that provides the most benefit in

restoration.



CHAPTER II
AMENDMENT TREATMENTS DIRECT PLANT COMMUNITY STRUCTURE

AND FUNCTION, BUT NOT DIVERSITY, IN RESTORATION

Introduction

Successful ecological restoration depends on the establishment and maintenance
of desired plant species (Gillespie and Allen 2004). The degree of success depends on
ability of the imposed treatments to enhance the physical environment during the initial
stages of development when plant species within communities undergo the most
challenges to their establishment and survival (Montalvo et al. 2002). This intervention
in the physical environment is particularly important in severely disturbed sites where
ecosystem function needs to be reinitiated (Whisenant 1999, Hobbs and Harris 2001).

Rapid development of the ecological functions associated with high plant density
and diversity are often cited as important goals for restoration management (Palmer et al.
1997, Polley et al. 2005). High plant density physically protects the soil surface and
promotes energy capture and nutrient retention (Dewald et al. 1996, Montalvo et al.
2002). Plant species diversity is not only aesthetically important (Sabre et al. 1996), but
is desired for its potential contribution towards ecosystem services, such as high
community productivity (Naeem et al. 2000, Wilsey and Potvin 2000, Tilman 2001),
protection against invasion (Pokorny et al. 2005) or resilience in function following

disturbance (Walker et al. 1999).



However, the achievement of high plant density and diversity in restoration is
often limited by physical constraints. The application of organic amendments is a
common restoration technique that can alter these constraints for improved plant success
and community diversity. The physical advantages of organic amendments include
increased moisture retention and a reduction of the magnitude of diurnal temperature
change, thus lengthening the duration of water availability (Winkel et al. 1991, Zaongo
et al. 1997, Chambers 2000, Petersen et al. 2004). Organic amendments can also
alleviate high soil temperatures, improve low water availability and increase infiltration.
Nutrient conditions are altered with amendments either through nutrient addition or
microbial immobilization (Blumenthal et al. 2003, Corbin and D'Antonio 2004, Eschen
et al. 2006).

The ability of amendments to direct physical qualities of the soil depends, in part,
on its location within the soil profile: surface-applied or incorporated (Gill and Jalota
1996, Sanchez et al. 2000, Wher et al. 2005). Surface amendments moderate soil
temperature and lessen moisture loss by reducing incident radiation on the soil surface
(Tian et al. 1993, Price et al. 1998). This provides greater protection for plant seedlings
and will enhance their emergence and survival (Winkel et al. 1991, Chambers 2000).
Infiltration is also improved under surface mulches (Agassi et al. 1998). Plants respond
to surface mulches by increasing root abundance and lateral growth at the surface,
directly under the material (Chaudhary and Prihar 1974, Cotrufo 2006).

In contrast, the incorporation of amendments can improve physical conditions

by disrupting capillary flow of soil water and slowing evaporation (Gill and Jalota



1996). Incorporated organic materials also reduce the shrink-swell capacity of clay soils
and maintain soil moisture availability during periods of little rainfall through the
maintenance of soil surface integrity (Weindorf et al. 2006). This creates and maintains
macroporosity, which improves plant rooting depth and elongation (Gorenevelt and
Grunthal 1998, Liang et al. 1999). Further, the incorporated material will itself retain
moisture longer than those on the surface, and can therefore serve as a moisture reservoir
during periods of low precipitation (Beare et al. 1992).

Because plant community structure may be affected by amendment placement, |
monitored changes in both plant density and diversity over the first three years of this
restoration. Specifically, I hypothesize that: (1) initial plant density, both desired and
volunteer, would be greater in the surface treatments than in incorporated treatments. (2)
incorporated amendments would enhance native plant diversity over surface-amended
treatments (3) increasing the amount of amendment applied would enhance plant density

and diversity in both location treatments.

Methods
Study area

This study was conducted on a 21-hectare portion of the Castle Drive Landfill in
Garland, Dallas County, Texas (32° 93" N, 96° 58’ W; elevation 165 m). In accordance
with regulations by the Texas Commission on Environmental Quality, the landfill has a
constructed clay cap 45 cm thick, which is designed to be impermeable to water seepage

into the municipal garbage below. Overlaying this cap is a 26 to 35 cm composite of



Table 2.1. Pre-treatment (January 2003) soil characteristics of the experimental area at

the Castle Drive Landfill, Garland, Texas, USA.

Standard
Mean error

Particle size distribution

Sand (%) 16 2

Silt (%) 41 4

Clay (%) 43 2
Bulk density (g cm™) 1.45 0.01
pH 8.2 0
Organic carbon (mg kg™ soil) 4800 200
Calcium (mg kg™ soil) 57201 73
Magnesium (mg kg™ soil) 476 19
Nitrate (mg kg™ soil) 3 0.3
Total phosphorus (mg kg™ soil) 23 5
Potassium (mg kg™ soil) 336 3.8
Salinity (mg kg™ soil) 315 31.8
Sodium (mg kg™ soil) 362 15.9

Sulfur (mg kg soil) 56 3




unconsolidated subsoil from an adjacent area and is a growing medium for the
vegetation cover. Soil properties prior to treatment are listed in Table 2.1.

This area is in the Texas Blackland Prairie Ecoregion, which is dominated by
tall- and mid-sized grasses with associated forbs (Diggs et al. 1999). The mean monthly
low temperature (1 °C) occurs in January and the mean monthly high temperature (35.5
°C) is in July. The 30-year precipitation average is 999 mm and has a bimodal
distribution, with the largest amounts of rain falling in May (134 mm) and October (116
mm). Annual precipitation was below average in 2003 (510 mm) and 2005 (474 mm).
Although the total amount of precipitation was average during 2004, much of the rainfall

fell in June and July (Fig. 2.1).

Restoration treatments

This experiment had six treatments in a 2 x 3 factorial completely randomized
design. There were two amendment location treatments: surface applied and
incorporated to 6 cm with a roto-tiller. There were three treatments that differed in the
amount of material added: no amendment, a light amendment (765 g m™) and heavy
amendment (1530 g m™). Each treatment occurred once in each of five replicate blocks,
which occur along a 5% northeast slope. Alleyways (2 m wide) separated the 25 m’
plots. The experimental area was disked three times to remove any previous vegetation
before planting on March 12, 2003.

The amendment material used was untreated urban wood waste from the City of

Garland Castle Drive Wood Recycling Facility. This material had a composition of



250

200 \

1350 -

100

Precipitation (mm)

50 4

% o M b M T W

Figure 2.1. Monthly precipitation data for 2003, 2004, and 2005 and 30-year average

from the Rockwall weather station, National Weather Service.
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43.5% carbon, 0.45 % nitrogen, and a C:N ratio of 98:1. Amendment particle size
distribution was 26 % of mass less than 1-cm”, 17 % greater than 1-cm? but less than 5-
cm?, and 56% larger than 5 cm®. The large, recalcitrant amendment material was chosen
to address the issues associated with soil physical structure, such as compaction, but not
create a dramatic pulse of nitrogen availability or immobilization (Whitford et al. 1989,
Reid and Naeth 2005).

Seeds of native and naturalized grasses, legume and forb species typical of this
region were acquired from two commercial vendors: Turner Seed Company and Native
American Seed (Table 2.2). For the surface application treatments, the large and awned
seeds were hand-spread followed by the use of a culti-packer (Brillion Farm Equipment,
Brillion, Wisconsin) to firm the seedbed. The amendment was hand-spread over the
seed bed at the three treatment amounts. In the incorporated treatments, the large and
awned seeds were hand-sewn, followed by the application of the amendment. The
material was then incorporated to 6 cm with a rototiller and the seedbed firmed with the
culti-packer. In both location treatments, the final step was the hand-sewing of the small
seeded species. The total pure live seed applied for all species was 2.1 g m™.

Aboveground stems of the large-leaved and abundant Ambrosia trifida L. (giant
ragweed) and Helianthus annuus L. (annual sunflower) individuals were hand-clipped
and removed from plots in June 2003 to minimize soil water loss during initial plant

establishment. Sorghum halepensis (johnson grass), an aggressive invasive grass, was

periodically treated throughout the experiment by individual wipe treatments of a



Table 2.2. Pure live seeding rates (PLS) and commercial sources for the plant species in the seed mixes hand-planted in March

2003. Nomenclature follows Correll and Johnston (1970).

awned seed mix Species Common name Variety % pls g pls m” Source
Agropyron smithii western wheat grass Barton 50 0.05 Turner seed company
Andropogon gerardi big bluestem Kaw 54 0.09 Turner seed company
Aristida purpurea purple three-awn 85 0.09 Native American Seed
Bouteloua curtipendula side-oats grama Haskell 81 0.20 Turner seed company
Buchlbe dactyloides buffalo grass Texoka 81 0.13 Turner seed company
Elymus canadensis canada wild-rye 56 0.06 Turner seed company
Schizachyrium scoparium little bluestem 53 0.09 Turner seed company
Sorghastrum avenaceum  Indian grass Lometa 71 0.08 Turner seed company
Engelmannia pinnatifida  englemann daisy 80 0.17 Native American Seed
Aster praealtus Tall aster 80 0.01 Native American Seed
Liatris mucronata gay-feather 83 0.09 Native American Seed

4!



Table 2.2. continued.

small seed mix Species Common name Variety % pls g pls m? Source
Eragrostis trichodes sand lovegrass Bend 83 0.09 Turner seed company
Leptochloa dubia green sprangle top van horn 90 0.15 Turner seed company
Sporobolis asper tall dropseed 60 0.06 Turner seed company
Coreopsis lanceolata lanceleaf coreopsis 86 0.09 Turner seed company
Desmanthus illinoensis Illinois bundle flower 94 0.05 Turner seed company
Gaura lindheimeri white gaura 73 0.02 Native American Seed
Helianthus maximiliani Maximillian sunflower Aztec 87 0.05 Turner seed company
Salvia coccinea scarlet sage 90 0.07 Native American Seed
Ipomopsis rubra standing cypress 88 0.05 Native American Seed
Cassia fasciculata partridge pea Comanche 82 0.18 Turner seed company
Centaurea americana basket flower 83 0.09 Native American Seed
Coreopsis tintoria golden wave 62 0.02 Native American Seed
Dracopis amplexicaulis clasping-leaf coneflower 82 0.04 Turner seed company
Monarda citriodora lemon mint 89 0.05 Turner seed company
Rudbeckia hirta black-eyed susan 83 0.02 Turner seed company
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solution of one-third glyphosphate (N-phosphonomethyl glycine) and two-thirds water.

All other unsown species were untreated during the experiment.

Measurement

Plant density and community composition was determined in August 2003, May
2004 and September 2004 and May and August 2005. All plants were identified and
enumerated within the ten randomly placed 0.25-m? quadrats wit