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The Subterranean City

Soil and Texas
Urban Soil — Cycles and Services
Soil Ecology — Abiotic and Biotic Components
The Soil Food Web

QXFORD.

THE WORLD
BENEATH OUR FEET

A GUIDE TO LIFE IN THE SOIl
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Living in the soil are

plant roots, bacteria, fungi, u I -

protozoa, algae, mites, s OI I s
nematodes, worms, ants, made of ahoul‘45% ...
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Farmland

Rangeland

Wildland/Greenspace

Urban Landscapes




Roy Bedichek — Environmental Change in Texas

| have seen in my boyhood days the crown and upper slopes of gentle hills, on which the black
soil is mixed with fragmented limestone, produce ninety bushels of oats to the acre. Now many
of these slopes are all bleached out, pale as death, and really dead in so far as ability to support
vegetable life is concerned. Many old-timers have seen bale-to-the-acre land in 1883

abandoned as worthless in 1903.

“&I- - 4.‘

hl‘.' I{U\ I‘}-L‘[Ii{']ltfl{




The Housfon Ela

e brown clay




ATION

TEXAS AGRICU IMENT STATIG
GENERAL SOIL MAP
TRAVIS COUNTY, TEXAS

SOIL SURVEY OF

Travis County, Texas

SOIL ASSOCIATIONS
P SOILS OF THE EDWARDS PLATEAU




Urban Soil

e Disturbance

e Compaction

e Low Organic Matter

e High pH

e Low water drainage

e Limited nutrient cycling
e Pollution

e High soil temperatures







Polluted pavement runoff
increases non-point source
pollution

Limited space for flare and
root expansion leads to

costly, dangerous sidewalk
damage

Heavily compacted soil
leads to poor drainage and
low soil respiration




The natural water cycle _Theurban water cycle

QMure rung
— More

flowing~ &"Hﬁ i
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Hydrograph of steam flooding before and after
urbanization of a watershed

Urban
Hydrology

stream in watershed with
reduced forest,
added buildings and roads

stream in forested
" watershed,
before urbanization
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The Carbon Cycle

Living Organism Fresh Organic &2

' ossil Fuel
Atmosp (<10%)  Rihing

Diffusion

/ Stabilized

Organic
CO» in Matter Active Fraction
Oceans KXRCEIMAY (decomposing
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The Nitrogen Cycle
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Ecosystem Services

Reduced Crganic Water holding

matter capacity
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| * Air quality

Fewer

tillage pollutants
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Hornsby Bend and the Urban soil ecosystem

Inputs — N and C drawn from soils — food, landscaping

Outputs - N rich “wastes” and C “wastes”
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RESEARCH AREA — Soil Ecology and Urban Waste Recycling
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Environmental
Research at Hornsby Bend
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RESEARCH AREA — Soil Ecology and Urban Waste Recycling

Austin
Cen _ter for LAZATER
Environmental
——— (_‘,z\\ Research at Hornsby Bend
C— -— ._-'-WLM'WM‘“&‘“ ’
w Earthworm populations were surveyed in
. e soils from a variety of habitats associated
N with the Hornsby Bend Biosolids
g T T— —_ - Management Plant, Austin, Texas, from
a - November 2009 through March 2010.
Joniaen 5y Seven species of terrestrial Oligochaeta,

including one species new to science

FARTHWORMS (OLIGOCHAETA: ACANTHODRILIDAE AND LUMBRICIDAE)
ASSOCIATED WITH HORNSBY BEND BIOSOLIDS MANAGEMENT PLANT,
TRAVIS COUNTY, TEXAS, USA.

George A. Damoff
Stephen F. Austin State University, Arthur Temple College of Forestry and Agriculture




Soil Science
Abiotic Components
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Sand

GRAVEL Relative soil particle sizes
2.00-0.05 mm
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What 1s a soil proﬁle?

A soil profile consists of several soil
horizons.

O horizon

— humus on the ground surface.
A horizon

— Top soil.

— Rich in organic matter. Typically
dark color.

— Also called zone of leaching.
B horizon
— Subsoil.
— Also called zone of accumulation.

— May contain soluble minerals such
as calcite in arid climates (caliche).

C horizon

— Weathered bedrock (rotten rock).
— Bedrock lies below the soil profile.
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Air
10-20%

Inorganic Soil

69-79%
Inorganic Soil
45-48%

Organic Soil .
2-5%

FOREST SOILS URBAN SOILS
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Soil Biology

The Microcosmos — the majority of biomass on Earth

B Copp g 19, Fourk arrs




Foodweb pyramid in one square meter of soil
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Number/ Number/ Biomass

Organisms yd3 0z (Lbs/Acre-67)
Bacteria Trillions Millions + 400 — 4.000
Actinomycetes Trillions Millions 400 — 4.000
Fungi Billions Thousands + 500 — 5,000
Algae Billions Thousands 20 - 500
Protozoa Billions Thousands 15 - 150
Nematodes Millions Tens + 10 — 100
Earthworms 30 — 300 100 — 1,000

4% organic matter is 80,000 lbs per acre

Decrease to 1% means loss of 60,000 |bs per acre



Microbial Biomass

Although the 1998 estimates have been
guestioned in terms of ocean-dwelling
microbes, the University of Georgia
researchers suggested that the DRY
biomass of bacteria is between 350,000
and 550,000 million tons.

Since the dry biomass of humans is only
around 105 million tons, the bacteria on
Earth weigh at least 3,000 times as
much as all of humankind combined.

There are about 50 million bacterial cells
in a single gram of soil, and estimates
suggest that over 90% of all bacteria on
Earth live in the soil.

y

@ Copryright 1995, Frank Dazzo

Bacterial cells on clay particles




LYNN MARGULIS DORION SAGAN

MICROCOSMOS

FOUR BILLION YEARS OF MICROBIAL EVOLUTION

Microbial Evolution

Symbiosis is @ major driving force behind evolution. She
considers Darwin's notion of evolution, driven by
competition, as incomplete and claims that evolution is
strongly based on cooperation, interaction, and mutual
dependence among organisms.

Endosymbiosis is any symbiotic relationship in which one
symbiote lives within the tissues of the other, either in
the intracellular space or extracellularly. Examples are
rhizobia, nitrogen-fixing bacteria that live in root nodules
on legume roots; nitrogen-fixing bacteria called Frankia,
which live in alder tree root nodules; single-celled algae
inside reef-building corals; and bacterial endosymbionts
that provide essential nutrients to about 10%—-15% of
insects.

Ectosymbiosis, also referred to as exosymbiosis, is any
symbiotic relationship in which the symbiont lives on the
body surface of the host, including the inner surface of
the digestive tract




CROBE WORLD

ATV

TASHA STURM/CABRILLO

Ectosymbiosis



Microbial Biomass Decreases With Depth
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Depth int

soil.

PRAIRIE ROOTS

The roots of a tree extend far from the trunk and
are found mostly in the upper 6 to 12 inches of

URF ROOTS
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Root Tip and Root Hairs
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Collecting Mesoscale Organisms

BERLESE APPARATUS

Alcohol




Nematodes

Example of a species of beneficial nematode that feeds on
bacteria and not plant roots.

Bacteria are high in protein that in turn is high in nitrogen.

When nematodes like this eat bacteria they digest the
protein and convert it to nitrogen which is excreted as a
body waste product back into the soil in a form that
becomes available to plants.
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Collembola - Springtails

tiny six-legged, shrimp-like springtails, or
Collembola. Ranging from 0.25-10mm in length,
there are typically around 10,000 per square meter
of soil, rising to as many as 200,000 per square
meter in some places. The 6,000 known species of
these wingless arthropods can be found in all
manner of habitats all over the world, from beaches
and cliffs to the Antarctic and the highest mountain
ranges on Earth.



Tardigrades (commonly known as water bears)

The name Tardigrada means "slow walker"

Extremophiles

They can shrivel to less than 1% water and stay in suspended animation.

When dehydrated, they enter into a dormant state in which the body contracts and
metabolism ceases.

Some can survive temperatures of more than -200°C and temperatures above the boiling
point of water.

3,000 of them were dried out and fired into space to see if they could handle the cosmic

rays and the vacuum of space. Amazingly, after ten days, some of them did. They became
the first animals to survive exposure in space without protection.




Macroscale Organisms




Dung Beetles
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Dung Beetle Activity
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SCIENTIFIC NOTE

Observations of Urban Dung Beetles Utilizing Dog Feces (Coleoptera: Scarabaeidae)

This note presents a compilation of observations of dung beetles found utilizing dog dung 1n
Austin, Texas. A total of 1,272 dung beetles representing sixteen species were found between
September 1999 and January 2004. Locations where beetles were collected or observed ranged
from approximately 25 km east to 12 km west, and 12.3 km south to 10.95 km north of the State
Capitol building. Identifications were made using keys published by Howden and Cartwright




Soil Ecology and the Aerial City

Butterflies on coyote dung — Hornsby Bend




Dr. Elaine Ingham - www.solilfoodweb.com
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Soil Food Web

Green Plants Arthropod Shredders
Producers and Predators
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THE WORLD
BENEATH OUR FEET

A GUIDE TO LIFE IN THE SOIL

JAMES B. NARDI

Learn More About Solil Ecology

UNDERG;ROUND

A mm.la.u ﬂlsnﬁ\' ofsuteﬂnmun LIFE
e -
P
DAVID'W. WOLFE

Dear
Dirt Doctor

Questions Answered the Natural Way

Lessons |
in Nature



ty Initiative

Iversil

The Global Soil Biod

European

SOIL BIODIVERSITY

GLOBAL
INITIATIVE

on

155

Lomm

N
i
o
AN
L
[e)
Vg
=z
| -
(O
o
“©
S
=
(-
Q
@)
=
>
)

Iversil

ing The Hidden Biod

Explor




Jorld Soil Day f
5 Dec :mh T ‘

BRE AR M TR A
Pﬁf S It DGy LN

ABLESPOON OF "\
HHH( L.

Soil Pay

5 December




~_The natural water cycle _Theurban water cycle Towards a more sustainable
R i , P W _urban water cycle

Evapotranspiration
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Questions?
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