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Introduction and Historical Perspective

Arthur G. Wollum, IT

L
Society has its roots in the soil.
Charles Kellogg

Soil microbiology is a branch of soil science concerned with microorganisms found
in the soil and their relationship to soil management, agricultural production, and
environmental quality. Hence, the soil microbiologist studies the numbers and kinds
of microorganisms found in soil and the effect of these and introduced microomngan-
isms on soil-ecological processes (e.g., nutrient cycling). The applications of these
studies have imponant consequences for crop production, environmental quality,
and the restoration of compromised environmenis

Soil Habitat

The soil is a complex habitat for microbial growth. It differs markedly from the. en-

vironment microorganisms encounter in traditional microbiological culture media in

two crucial ways:

» In its natural state, the sol is a heterogeneous medium of solid, liquid, and
gaseous phases, varying in its properties, both across the landscape and in depth.

« In soil, competition exists among a wide variety of organisms for nutrients,
space, and moisture. Competition occurs among bacteria, ACEnOMIYOStES, and
fungi, as well as with other living forms in soil, including animals and plant roots.
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Chapter 1 Introduction and Historical Perspective

‘Chassi cation of Organisms

. k of the
1f swe are 1o understand soil microorganisms, then developing a knowledge Table 1-1 A structural comparison of prokaryotic and eukaryotic calls
habitat in which they grow is of utmost imporance. Prokaryotes Eukaryor :
g Organelle i =Hkaniotes.
Bacteria & .
- Archaea Fungi Algac
The Nature of Cellular Organisms AP Cytoplasmic membrane + 5 =
; : i f a com- s Nuclear division + £ o +
basis of livi is the cell. Each cell is a unique entity made up of : % :
x mixture o [;}Tgmnfg rrl;Lde‘na.Is and subcellular components. The cell is bounded r ;U-"Jf-zr membrine = 3 o - *
interi bosomes 70!
by the cytoplasmic membrane, separating the interior of the cell, known as the Endoplasmic = A 80§ a0s°
cytoplasm, from the external environment. reticulum i1 +
L Golgi complexes = =
Mitochondria = H : +
Box 1-1 I| Cytosketeton = o +
. r Chloroplasts = 2, t %
= of Living Cells. Madigan et al. (1997) recognize five key characteristics Vacuole
Characteristics ¥

that separate living cells from nonliving chemical systems: 4

'%rmm-meﬂpad:yzolakeupandus:chcmifnlsfmmm:mvimn- L =
ment and wransform these chemicals into usable products, including energy to grow or
survive.

» Self-replicating or growth: The capacity (o self-direct synthesis, growing by division, F
forming two cells from one.

* Differentation: The capacity 10 undergo change in form or function, often in response 5
10 environmental changes or normal growth processes.

* Chemical signaling: The capacity 10 interact with other cells through chemical signals.

* Epolution: The capacity to change genetically, which may affect the overall fitness of the
cell 1o survive in 2 particular environment,

Two fundamental types of living cells are recognized: prokaryote (from pro,
meaning “before,” and karyon, meaning “nucleus”) and eukaryote (from ey, mean-
hgw.lﬁmmmmmmbﬂwemthemmofceus.menu- P—
cleus of the eukaryote is in the cytoplasm, bounded by a nuclear membrane and
containing several DNA molecules. The eukaryote undergoes division by the well-
known process of mitosis. The prokaryote has no nucleus; a nuclear region is rec- -
ognlacd,bmixisnutbcundcdbyamnbnmandmnsimo!zsingle. circular DNA
molecule (chromosome). Cell division in the prokaryote is usually by binary division
(ie., nonmitotic). Additional differences between prokaryotic and eukaryotic cells
are presented in Table 1-1. Bacteria (including cyanobacteria and actinomycetes)
and Archaea are prokaryotes, while all other organisms are eukaryotes.

microorganisms are named for an outstanding feanire they
possess (e.g., T thioaxidans; a rod-shaped bacterium capable of oxidizing reduced sul-

Historically, microorganisms were classified on the basis of axonomic Fcarums
which were relatively easy to measure. These characters include structure, mor-
phology, staining reactions, and physiological parameters (e.g., ability to use a par-

L characteristics) rather than phylogenetic (based on genetic relationships) and may
obscure important relationships among related groups of organisms,
The technology of molecular sequencing has introduced a totally new way of de-

Cl ification of 8) . termining relationships among organisms. Phylogenetic “trees” showing relationships
g Ty AmMONg organisms, are constructed directly from comparisons of informational macro-
The study and use of is based on our abillty to recognize and establish molecules, such as ribosomal RNA (fRNA) genes, occurring in living cells. The tradi-

tional classification scheme recognized five kingdoms of organisms: bacteria, fungi,
protista (including algae and protozoa), animals, and plants. However, molecular phy-
logeny shows that there are three domains of living organisms: Bacteria, Archaca
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Figure 1-1 Universal phylogenetic tree for living based on ¢
sequencing of 16s or 18s ribosomal RNA. Note that microorganisms comprise most of
the bialogical diversity found on earth. From Pace (1996). Used with permission.

and Encarya (Fig. 1-
into three domains

mmm.wmmas.wwmmmm.morm
kingdoms have been recognized. Our new und ding of the unk ] tree of life
contradicts several long-held beliefs (Pace, 1996). For example:
-ThedecpdittrgﬁmbuwmmandBmiashanmmnoﬁonufm]u—
tionary unity among prokaryotes.

-hlppuudmﬂmiuc:ryalineisasoldsslhepmkswoﬁclmea.

Organisms in the Soil

* Most genetic diversity is microbial. Indeed, from the standpoint of rRNA varia-
tion, the multicellular life forms are relatively minor twigs at the tip of the eu-

caryal branch.

In these classification schemes there is no place for viruses. Viruses are not cells
because they lack a cytoplasmic membrane with internal cytoplasm. Only when
viruses are associated with another organism (e.g., bacterium, Plant, animal) are they
able to fulfill the basic life processes as stated in Box 1-1. ;

Organisms in the Soil

Organisms in the soil are both numerous and diverse. Many soil organisms are small
and cannot be seen without the aid of magnification (Table 1-2). The smallest or-
ganisms—bacteria, actinomycetes, fungi, and algae—are referred 1o collectively as
the microflora. Soil animals range in size from microscopic (microfanna) to earth-
Worms and small mammals (macrofauna). With the exception of some soil animals
and fungi, most soil organisms are single cells. Chapters 3 to 7 of this book describe
the microorganisms present in soil.

Bacteria are the most abundant microorganisms in soil, ataining populations in
excess of one hundred million (10%) individuals per gram (g™*) of soil and repre-
senting perhaps as many as 10* to 10° different species, The actinomycetes and
fungi are the next most numerous microorganisms in soil, numbering 10° 10 107 and
10* to 10° g~ soil, respectively. Numbers of soil animals vary widely in the soil,
ranging from just a few to as many as 10° g™ soil. It is imponant w note, however.
that we must consider more than the number of individuals in 2 gram of soil if we
are to understand microbial function in soil. Microorganisms have a wide range of
sizes and morphologies; thus, numbers alone may not provide 2 very good indica-
tion of the importance of a microbial group in the soil. For example, even though
bacterial numbers are usually several orders of magnitude greater than fungi, the
fungi generally have a greater total biomass in the soil (Table 1-2).

The relative position and size of soil microorganisms within the soil habitat
is illustrated in Figure 1-2. The physical, chemical, and even biological proper-
ties of the soil habitat and their interactions with the resident community of soil

Table 1-2 M "'mwﬂﬁ . ive size, 1 t annd bi  found in soil.
Microbial group Example Size Numbers Biomass . ;
() (no. g~ of soil) (kg wet mass ha ™" of soil)
Viruses Tobacco mosaic  0.02 X 0.3 107 10"
Bacteria Pseudomonas 05x 15 10°-10° 300 - 3,000
Actinomycetes  Strepfomyces 0.5 - 20* 107-10° 300 - 3,000
Fungi Mucor 8ot 10* - 10° 500 - 5,000
Algae Chlorella 5% 13 10°-10° 10 - 1,500
Protozoa Euglena 15 % 50 10°- 10° 5— 200
Nematodes Pratylenchus 1,000% 10' - 10° 1-100
Earthworms Lumbricus 100,000 10 - 1,000

fDuta from Mering (1593).
jdiameter of hyphae
Hengeh
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Figare 1-2 A soil habitat containing mineral soil particles (sand-Sa, sili-Si, and clay-C), organic
matter (OM), water (W), plant root with root hairs (R), and soil organisms (bacteria-B, actino-
miycetes-A, mycorhizal spores and hyphae-bMy, hyphae of a saprophytic fungus-H, 2 nematode-N,
ciliate protozos-CF, ﬂ.a_gdla:c Protozoa-FF, and a mite-M. This soil can be a habitar of enormous
complexity and diversity even over small distnces. For example, the actual size of the soil in this
drawing is < 1 mm in both directions et may contain habitats that are acid to basic, wet 1o dry,

mohi.c_ ;.Tm:tjs i ~poor to nutrient-rich. Realizing this com-

g soll microbiology. Original drauding by Kim Luoma,
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Scientific Notatlon. For convenience, soil microbiclogists express the numbers of mi-
croofganisms in soil in an exponential manner, 2 convention known as scientific notation
Two million organisms per gram of soil is wrinten, 2 % 10° ™", The same number can also

microorganisms have a significant impact on growth and activity of microorgan-
isms. As our understanding of these complex relationships develops, we should
be better able to manage the soil and its microorganisms for the maintenance
and improvement of soil without damaging the soil as a resource

Microorganisms have an enormous diversity of functions in the soil. For example mi-
croorganisms decompaose onganic compounds releasing inonganic elements, oxidize re-
duced forms of elements (e g., elemental sulfur — sulfate} (Chapters 11, 12, 15, and 16),
and reduce oxidized forms of elements (e.g., nitrate — dinitrogen) (Chapters 11, 12, 15,
and 16). Also the reduction of dinitrogen to 2 biclogically ussble form, ammonia (Chapters
13 and 14), or degradation of organic wastes and pollutants 1o carbon dioxide and wa-
ter (Chapters 20, 21, and 22) are impartant functions of soil microorganisms. Interactions
among different organisms, including plant roots, can lead to benefits for some partic-
ipating organisms, while others have a detrimental effect on growth or development
(Chapters 17, 18, and 19). Other microorganisms may aiter levels of giobal gases (Chapter
23). In the second and third sections of this book we explore 2ll these functions.

Historical Context of Soil Microbiology

The development of scil microbiology is inextricably linked with the development
of microbiology as a science and cannot be understood in isolation. Here we high-
light significant accomplishments before 1950 that led to the development of both
microbiology and soil microbiology (Table 1-3). After 1950 the list of those making
significant contributions becomes too long to mention individual accomplishments;
thus the contributions are considered more generally

Pre-Nineteenth Century

The first historical mention of the presence of microscopic organisms in soil is at-
tributed to a Roman writer in about 60 B.c. (Waksman, 1927). Writing about marshes,
Columella noted they gave up "noxious and poisonous steams,” breeding “animals
armed with poisonous stings,” from which *hidden diseases are often contracted, the
causes of which even physicians cannot properly understand.” Even prior (o that
time, there are reponts in the Old Testament of people who practiced strict isolation
and cleanliness codes, particularly to those afflicted with leprosy, suggesting they un-
derstood that disease had some relationship to an unseen cause. Likewise, there is
good evidence that the Romans recognized that leguminous plants enriched for soil
productivity and practiced crop rotations with leguminous plants. However, no one
really understood the involvement of microscopic organisms in these pheno_mem

M':hou@ Robert Hooke reported on the fruiting structures of molds in 1664, we
most often think of the Dutch microscope builder, Anton van Leeuwenhoek—with
his newly constructed microscope—as the first individual to descnbe microorganisms
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Tiable 13 Some of the outstanding individuals contributing to the d ¥
of soil microbiology.
Name Country Area of contribution
i f the microscd,

';;‘-‘::ﬂhuk ;:lmme:[lﬂds Lﬂ\ieﬂivf_*:n of sp P:u g ion, biclogical namure of
nitrification . )

Tyndall England Repudiation of spontaneous generation, understanding of
sterilization processes

Cohn Germany Understanding of sterilization processes and taxonomy of

4 Bacillis (particularly the endospore)
Koch Germany Koch's Postulates, gelatin plates for studying soil microorgan-

1Ems
Isolation and mxonomy of chemoawotrophic bacteria, espe-
cially nitrifiers and sulfur oxidizers
Beijerinck Nethertainds  Isolation of legume root nodulating bacteria, Director of
The Delft School of Microbiology

Gram Denmark Differential saining procedures

Lipman UsA Concept of soil as a complex, living entity

Russell England Development of tmportance of soil-plant-microorganism in-
teractions in agriculiure and the environment

Starkey UsA Microbiology of the sulfur bacteria

Waksman USA (Russia) Discovery of antibiotics from actinomycetes

(Madigan &t al, 1997). In his paper to the Royal Society of London in 1684, van
leeuwenhoek reported the presence of “wee animalcules™ in pond water. These ob-
servations were confirmed by others, but linle was known about these organisms and
their relation 10 the environment in which they grew.

The Nineteenth Century

During the nineteenth century, two important questions were answered that
would lay the scientific foundations for both microbiclogy and soil microbiology:

* Does spontaneous generation oocur?
* What is the origin of contagious disease?

The eminent French scientist, Louis Pasteur, in a simple and elegant experiment
(Box 1-3), demonstrated that it was microonganisms present in the air that were ca-
pable of initiating growth in an exposed sterile culture medium. Microbes simply did
not arise spontaneously in a suitable medium.

Pasteur's simple experiment effectively settled the controversy surrounding the
p-xumln_enrly held theory of spontaneous generation, vigorously debated ar the
time. Similar experiments were also conducted by Spallanzani, the Italian scientist,
and the Epglishman }}')h.n Tyndall. Tyndall's original flasks can still be viewed at the
Royal Instinite near Piccadilly Square in London. The rejection of the theory of spon-
tanecus gener_ann pﬂ?ﬂded the foundations for ptic (sterile) techni While
conducting his experiments, Tyndall also noted difficulties in trying r‘n sterilize

-
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[ Box 1-3 |

S

Pasteur’s Experiment Disproving Spontancous Generation. (a) Pasteur introduced a
nonsterile broth into each of two flasks, drew out the flask 10 2 swan-necked shape o pro-
vide a dust trap, and sterilized the contents of each by heating. The broth in one fask (b) was
not allowed to contact the dust that setiled in the tap, and no growth cocurred even afier 2
long incubation. After the broth had cooled in the second flask (c) it was broughs into con- |
tact with dust collecting at the low point near the mouth of the swan neck. After 2 short pe- |
riod of incubation, the broth became turbid, indicating that growth had occurred in this flask.

\ i g
M\ dha |
y /”:\3’

a. Nonsterile liquid Neck of flask Liquid steriiized
poured into flask drawn out in fiame by healing
Dust and microbes Opan
.r". end
ﬁ/—\ ¥,
| 7 =
TS
IQI |
Liquid remaing sterle !
for many ysers

starfle liquid contacts
micro-laden dust

From Madigan o al (1957). Ubed with perwizrion
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infusions. Further investigations by Tyndall, and also by
overy of organisms that were producing

preparations from hay
Ferdinand Cohn of Germany, led 1o the disc
endospores in these difficult-to-sterilize preparations.

there was 1 widely-held belief that disease Wwas
caused by something called “contagion.” After microorganisms were discovered,
they were accepted as the responsible agents, but rigorous proof was lacking.
Although Ignaz Semmelweis and Joseph Lister (after whom the product Listerine
was named) provided evidence that microorganisms caused human disease, it was
not until the seminal work of Robert Koch that the germ theory of disease had a
solid scientific basis. Koch reasoned that to prove that a microorganism was the
causative agent of a disease, the following should apply:

« The organism should be consistently present in the subject exhibiting the disease
symptoms, but not in the healthy subject.

During this same period,

» The arganism should be grown in pure culture away from the subject.

= When the organism is used to inoculate 3 healthy susceptible subject, the dis-
ease sympioms should appear.

» The organism should be reisolated from the exposed subject and recultured in
the laboratory to confirm its similarity with the original organism.

This series of steps became known as Koch's Postulates, which are impornant
for several reasons. First, by following these steps, it is possible to demonstrate that
a specific organism is responsible for a specific disease or for some microbiological
process (e.g., sulfur oxidation). Second, they suggest the importance of the labora-
tory culmre of organisms, and third, they recognized that specific organisms have
specific functions. Acceptance of Koch's Postulates brought the science of microbi-
ology o the point that others could now make specific contributions in more ap-
plied fields, such 25 soil microbiology. Another of Koch's significant developments,
rgpeuod in 1881, was the use of a gelatin culture medium to study microorganisms
in pifro, Five years later the Danish physician Christian Gram described a staining
pmmdu:ebased on differential properties of cell walls, leading to important taxo-
nomic decisions. Now soil microorganisms could be studied in a systematic fashion
(Waksman, 1927), ;

. ln_me.fzw remaining years until the trn of the century, significant developments
in soil ml.u:mi?vctngy came in rapid succession. One notable advance was the discov-
ery of biological dinitrogen fixation (Chapters 13 and 14). In 1886, Hellriegel and
Wilfarth showed that microbial activity in nodules on leguminous plants was able to
convert aimospheric nitrogen to a form a plant could use. Subsequenty, the Dutch
scientist Martinus W. Beijerinck ( iation: ink," Fi faoia
s i pronunciation: buy-a-rink," Fig. 1-3a) isolated the
mdﬁmhfﬂ:uzmand > e-:-:s 1335}[1?:]?;3 ;fl:!egt;(nﬂnous e;:;a:m and named it Bacilfus
« v ; rank renamed the bacterium Rbizobium,
replacing tmm name used by Beijerinck. These actions set in motion a wave of
mﬁ ;;;:c:nd n:UdY of b!:lugmal nitrogen fixation, which continues to this day.
(WPO'W advance during this period was the discovery of chemoau-
totrophry pter 10) through the study of nitrificatio
e Y n (Chapter 12). Building on
foundational work of Koch (i.e,, that ifi is
: specific organisms have specific effects),

The Historical Context of Soll Microbiology

d
are 1-3 Several impartant individuals in the development of soil microbiokogy

) Martinus Beijerinck, (b) Sergel Winogradsky, (¢) Jacob Lipman, and (d) Selman

sman. Figures 4, b, and d are coursesy of the Waksman Mnitute at Rulpers Universily.
gure ¢ is from the American Society of Microbiology Archives
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Sergei Winogradsky (Fig. 1-3b) began studying the nitrifying bacteria. He wﬁeﬂ:::
1o demonstrate that nitrification was really a rwo-step process, the first being i
{dlation of ammonium (NH ) 10 nitrite (NO, ™) and Lhe second being d?e oxidm::
of NO,™ 1o nitrate (NO; ). These two steps were mediated by wo dj.?nmcﬂymd i
ent bacteria. Winogradsky isolated rep atives of each gmupimd 1em,
Nitrosomonas for the NH, " oxidizers and Nitrobacter for ah? NO, ‘oxtdjzcrs. Given
the meager understanding of bacterial metabolism at that tirme, this was 2 truly re-
markable discovery. For these and many other gmmd—brg]ung :cFomphshmenm.
Winogradsky is considered by many fo be the Father of Soil !\«lj::ml?nology.

By 1895 developments in microbiology had reached such a point that r.hc Delft
School of Microbiology in the Netherlands was established. First headed by Beijerinck—
considered by some to be the Father of Microbial Ecology—and then by A. J. lﬂwr

Delit School had a lasting influence on the study of soil mi-

ies in microbial biochemistry, biodiversity, and biotech-

3 the following basic questions about microbial phys-
iology that drew the study of microbiology and the environment closer together:
» How does the intact organism interact with its abiotic and biotic environment?

« How can the fundamental principles of microbiology be brought to bear on
applied problems?

» What is the place of microorganisms in the natural world?

Mquesﬂmsmuwudmwasdrywmmmenmmemhmmry.&mm}ythc

ubiquity and diversity of physiological function of microorganisms in the environment

is underscored by Befjerinch's Rule: “Everything is everywhere and the milieu selects."

The Twentieth Century

If Winogradsky is considered the Father of Soil Microbiology, then Jacob G.
Lipman (Fig. 1-3c) is the founder of American soil microbiology. He considered soil
as a complex and living entity which needed to be understood and sudied from the
standpoint of soil fertility and crop production. This revolutionary concept stands as
a milestone in soil microbiclogy (Clark. 1977) and has been carried across the United
States and throughout the worid.

Two seminal works on soil microbiology were published in the early 1900s:
Handbuch der landwirtschafilichen Bakteriologle (Handbook of Agriculural
Bacteriology), & comprehensive weatise on sofl bactericlogy by F. Lohnis, and
Bacteria in Relation to Country Life by Lipman. Although these works emphasized
the role of bacteria in soil fenility, they also directed anention to other organisms re-
siding in soil, including fungi, actinomycetes, algae, protozoa, nematodes, and insect

hrvn_e‘ Sir John Russell, Director of the Rothamsted Experiment Station in Great
m was a panticularly strong advocate of the importance of protozoa in soil fer-
tility, suggesting that when soil protozoa were absent or few in number, soil ferility
:ewhil;:.be low, and conversely, when protozoa were numerous, soil fertility would
Two prominent individuals who shared Lipman's revolutionary concept of sofl were
Selman.\.vtaksunn&‘is, 1-3d) and Robert L. Starkey, Besides promoting the “Lipman
Philosophy,” Waksman's book, Principles of Soil Microbiology, and a later work by

¥ Current and Future Directions
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Waksman and Starkey, The Sotl and the Microbe, were standard soil microbiclogy texts
for much of the period between 1925 and 1950. However, in many circles Waksman
is remembered less for his contributions to soil microbiclogy than for his discovery
of the antibiotic streptomycin, for which he was awarded the 1952 Nobel Prize in
physiology and medicine. It should be noted that the native environment of the strep-
tomycin-producing organism (an actinomycete) was the soill Thus, the quote atrib-
uted to Waksman, “From the earth will come our salvation,® was prophetic

Perhaps the greatest contribution of these noteworhy individuals was not so
much their scientific papers, published books. inventions, or even patents, but the
students they trained, who themselves went on 1o productive and noteworthy -
reers, The contributions of these individuals, now 100 numerous to mention, have
enhanced crop production and fostered sound use of the environment woridwide

ECurrent and Future Directions

No look to the future can be made without first looking 1o see where we have been
If we neglect this first step, then we are rel 10 repear the mistakes of the past
Given the urgency of some of the issues we face and the shrinking resources we
have at our disposal, it is prudent to step back and loock at where we have been, be-
fore deciding on the next meaningful step. In the previous section we discussed the
historical roots of soil microbiclogy. Here we

mponant topics in soil mi-
crobiclogy and suggest future research priorities

Elutriem Transformations

From the moment Winogradsky first characterized the nitrifving bacreria, soil mi-
crobiologists have studied organisms involved in nutrient transformations and wied
to understand the factors affecting the varous processes. The poor nutrient-use ef-
ficiencies of common crops and the expense of fertilizers for sandard cropping sys
tems drove soil microbiologists to characterize the magnitude of nutrient josses, the
conditions under which poor nutrient-use efficiencies might occur and, ™ a lesser
extent, fertilizer management 10 reduce losses

Emphasis on nutrent transformutions has now shified to new concemns
Environmental issues, such as how much nitrous oxide (N;0), a “greenhouse” gas,
is produced during denitrification and nitrification (Chapters 12 and 23), became im-
portant topics studied by soil microbiclogists. Other en
the microbial transformations not only of nitrogen, but o
phorus (Chapter 16), and more recently some of the metallic cations (Chapter 16)
such as copper, mercury, iron, and aluminum. These issues grow more urgent as
soils are increasingly used to recycle or dispose of a variety of waste products
(Chapter 22)

Drganic Matter

For mast of the raventieth century, studies were dominated by attempts 10 charac-
terize the chemical composition of the soil organic matter (referred 1o by many as
humus). Such research is still underway and has been complemented by newer stud-
ies designed to provide a clearer understanding of soil organic matter as a group of
Functional pools (ie., which pools rurn over most rapidly and what is in them). These
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Ihlsmm)glnsﬁﬁhappmchwmbmmplﬂto?ic.mhmdlwsdmm
hﬁllls’brdnhnmmofsuﬂo:g:nicmaﬁermagnqulmm. bu:m recently a
strong interest in global-scale transformations of carbon with respect to climate change
has contributed 1o the importance of soil organic matter studies. In}rearsmcomle.
these ideas should help us to understand the potential for nutrient cycling from within
the soil organic fraction and its relationship to sustainable agricultural practices.

aswm'edowtoxbeuermdzrsundmgofsoﬂ organic matter, perhaps we
may gain new insights for further studies. A challenge of the next century and beyond
will be to manage our organic resources while maintaining clean air and water. Tne

is must be on salvaging resources such as plant nutrients through recycling.

For example, municipalities have captured methane from landfills and water treat-
rent facilities for supplemental energy generation. Another topic deserving attention
is the disposal of organic waste by converting it to high-grade, single-cell protein.

Perhaps other opportunities exist at the frontiers of space. If space travel is
ever to become a reality, waste products must be recycled in closed systems. For
the soil microbiologist, who already understands the processes of decomposition
of organic substances, the application of thar knowledge to 2 closed spaceship
would not require newly developed technologies (Alexander et al,, 1989). The
knowledge transfer to this problem is only a mater of scale and control in a
closed environment.

Biclogical Dinitrogen Fixation

Soil microbiologists have received great acclaim for their work in the area of bi-
ological dinitrogen (N,) fixation (Chapters 13 and 14). In fact, as early as the 1960s,
some scientists stated categorically that we knew all we needed to know about bi-
ological N; fixation! Funding for research became more difficult to obtain, and some
individuals were diverted into other fields of soil microbiology. However, the fuel
erisis of the early 1970s in the United States changed all this. Suddenly biological
N, fixatlon was “rediscovered” and new opportunities abounded for enterprising

For a long time this research topic was dominated by selection of superior strains of
shizobia (i.e., the N-fixing bacteria) and refinement of inoculation practices. Many ques-
tions were posed during this period, and some still await satisfactory answers:

= Why is it so difficult to displace the indigenous and decidedly inferior strains of
rhizobia with superior stains?

* What is the composition of the indig population of rhizobia?
* Do manageable plant-rhizobia combinations exist?
* What are the biochemical mechanisms of N, fixation?

* What is the exact taxonomic composition of the family Rhizobiaceae?

In the last question, molecular genetic procedures have revealed new speci
¢ pecies of
rhizobia, particulardy as smnﬁsm have examined rhizobia from tropical regions.
Undoubtedly, there are exciting times ahead as the full story of the rhizobia contin-

ues to unfold and the field of biological N, fixation remains f ;
ing scientists from a variety of discipines. & ISR oG it
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‘Mycorrhizae

%

In 1885 A.B. Frank first applied the term mycorrhizae to the symbiotic associ-
ations between tree roots and fungi. Foresters found that certain fungi grew between
the cortical cells of the feeder roots and covered the root surface; these fungal-plant
associations were termed ectomycorrhizae. Not until the 1930s was the role of my-
corrhizae in plant nutrition appreciated. Scientists confirmed that mycorrhiza| plants
grew better and had greater nutrient contents. especially phosphorus, than nonmy-
corrhizal plants. Through a series of carefully designed experiments, researchers
proved that phosphorus from the soil was taken up by the soil hyphae of the myc-
orrhizal fungus and transferred to the host plant. Conversely, the mmtualistic nature
of the association was confirmed by the introduction of radio-labeled carbon diox-
ide (*%CO,) to the top of the plant and the detection of radicactive carbon (*C) in
the fungal portion of the mycorrhiza.

A broader significance of these findings was realized when we discovered that most
plants had some sort of mycorrhizal association. Although the ectomycorhizae were
present on only a small proportion of all plants (i.e., cenain trees and shrubs), en-
domycorrhizae were found on a wide range of plants, including many of agronomic
importance. Endomycorrhizae also assist in nutrient absorption and are especially im-
portant for plants growing under environmental stress (e.g., drought conditions).

There is now a growing awareness of the impornant contribution of mycorrhizae
10 soil structure because of the large amounts of carbonaceous materials that flow 10
the soil through the network of fungal hyphae. Repons of interactions with plant
pathogens also suggest the potential to use mycorrhizal fungi as biological control
agents. Currently soil microbiologists interact with scientists from numerous discipli
(e.g., agronomy, ecology, genetics, forestry, molecular biology, and plant physiclogy)
to gain understanding of the role of mycorthizae in agricultural and natural landscapes.

iversity of Soil Populations

The early phases of soil microbiology were often dominated by attempts to char-
acterize soil populations using selective media. While these attempis produced valu-
able information, little more could be said other than thart there was some number
of colony-forming units (cfu) g ~*of soil. As we approach the end of the 1950s, we
are becoming increasingly aware that our knowledge of the soil microbial commu-
nity is far from complete. During the past 10 years we leamed that many IMiCroor-
ganisms existing in the soil are viable (alive) bur nonculturable (Chapter 9). Some
suggest that these organisms may exceed 99% of the total soil population. This means
that in our studies of microbial communities, we perhaps have observed less than
19 of the soil population. Increasingly, questions are being raised about the eﬁ'tcm
of soil management on the compasition of the microbial community, particularly in
relation to soil quality. Thus, it remains important to develop procedures to dmfar,-
terize soil microbial populations. Until such time, we will be unable to determine
whether species are becoming extinet or are undergoing evolutionary change.

Some of the more recently developed molecular tools are proving ml:ﬁ.ll in char-
acterizing soil populations. For example, techniques that rely on amplifying DNA, such
as various pol chain reaction (PCR) procedures, will contribute to our un-

derstanding of the diversity of the soil microbial community {Chapters 8 and 9).
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(‘xmplr:dtomedmrmcalcmtmlafpﬁts. the advantages of biological control
(or biocontrol) are numerous, Biclogical control is 4 natural mechanism Th?l leaves
no biod dues after (Chapter 19). Early attempts at bl?loglml con-
trol using soil microorganisms followed Waksman's discovery of antibiotic-producing
rnicrobes in the soil. Unfortunately most, if not all, of these attempts Fladeé O?.lmght‘

Since that time, soil microbiologists learned that it is not sufficient just tcmcltease
the number of biocontrol agents in the soil 1o achieve success, but that a_bamc un-
derstanding of the ecology of the biocontrol agent is needed. Amelioration of the
factor limiting the growth or survival of the control agent is necessary for b.lOCOI'_tUOE
10 wark. While successful biocontrol experiments are few in number in comparison
10 failures, bioconmrol research continues to be an area where soil micmblolognst‘s
make significant contributions. As we |earn more about biocontrol agents and their

pest-sup mechani ecology, and genetics, this area of soil microbiology
research should continue 10 increase in importance.
Biotechnology

Sail microbiologists are interested in discovering microorganisms with superior
traits, inchuding bemer N, fixers, superior biocontrol agents, and agents for bioreme-
diation processes. In the past, we relied on natural variation and selection from nat-
ural populations to obtin organisms with better environmental fimess; however,
with the vanous molecular tecliniques now available, it is becoming possible to
make specific modifications in the organism's genome to obiain specific phenotypic
propemics. This capacity can affect processes carried out by soil microorganisms—
from methane production to denitrification in groundwater.

As these potential opportunities move 1o reality, questions on the fate of geneti-
cally engineered or modified microorganisms deliberately released into the environ-
ment assume primary imporance. How do these genetically modified organisms
grow, compete, move, and survive in the soil environment? Can the raditional mod-
els of growth describing carrying capacity of organisms help us understand whar

might happen upon release of genetically modified organisms? Questions and op-
pormunities abound and the likelihood that soil microbiology will remain an impor-
tznt field of investigation is very strong.

Summary

Many microorganisms have their origin in the soil or are closely associated with the
sail environment. Throughout history these microorganisms have had a substantial im-
pact on humankind. In some instances the impacts have been beneficial while others
have been demimental (Doyle and Lee, 1985). On the beneficial side, microorganisms
have 2 major role in nutrient cycling and thereby contribute to the sustainability of life.
On the detrimental side, microorganisms contribute to some environmental problems,
mrils a;zl:bal Wm and ynuﬁ.r;wer contamination with nitrate,

pproa twenty-first century, soil microbiclogists are faced with at
lﬂnmmoms Will our emphasis be on those areas that have brought us to our
present position, or will we be willing 1o take advantage of opportunities that will
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plt‘rmil. us to step aggressively into the next century? Traditionally, soil microbiclo-
gists have been opportunists in their work for the betterment of society. In light of
the environmental problems associated with unesthetic substrates such as sewage
animal manures, food processing wastes, and industrial wastes, the efforts of soi!l
microbiologists will be needed to make these substrates less objectionable
Solutions to these problems are likely 1o come from existing technologies an&
those yet to be developed. Along with the time-tested techniques of traditional soil
microbiology, new analytical procedures and genetic manipulations will contribute
: to the solution of environmental problems, whether these are associated with 2gri-
b cultural or other environmental issues. In the future, we should be able to advance
; our understanding of the microbial ecology of soil, enhance opportunities for
bioremediation and understand the diversity of the soil population. The future of
soil microbiology seems unlimited. Perhaps the solution of a food-production or
environmental issue somewhere in the future will propel a soil microbiologist (per-
haps yourself) into the ranks of the Nobel Prize winners, just as Selman Waksman's
work was honored.
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1. In what ways is soil 2 unique environment for microorganisms?

2. What individual(s) and i

s ; (s?) eveni(s) have had the greatest influence on the development of
3. Why is Sergei Winogradsky often considered the Father of Soil Microbiclogy?
4. What is the contribution of Jacob G. Lipman to soil microbiology?

5. What are some of the challenges for soil microbiology in the twenty-first century?
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Chapter 2

L4

The Soil Habitat

Peter G. Hartel
*
Whatever our rplish , our sophi , OUT SrTistic prelension, we PWe
our very existence to a six-inch layer of topsoil—ond the fact that if nans

This chapter covers soil description, soil physical and chemical characteristics, and
soil abiotic factors. Together, these elements help define the habitt for soil mi-
croorganisms. Although it may seem obvious that one needs to understand “soil” in
order to understand soil microbiology, this is not an easy concept. Soil is dynamic.
Because soil forms from the interaction of dlimare (especially temperature and rin-
fall) and living organisms (especially native vegemtion) as influenced by topography
(e.g., elevation) and type of parent material (ie., the original composition of the min-
erals and organic matter) over time, soil is the most complex and variable of all mi-
crobial habitats. Therefore, soil does not conform easily to our conclusions and rules.
The key to understanding the role of *sofl” in soil microbiology is always to think of
soil as the sum of many interrelated parts. By thinking constantly of these interde-
pendencies, the science of soil microbiology will be much easier 1o understand.

Description

tion and Types of Soil

Soil is defined as a mantle of weathered rock which, in addition to organic maner,
contains minerals and nutrients capable of supporting plant growth. Soil scientists may
describe a particular soil this way: “The Ap horizon of a Tifton loamy sand

i
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Figure 2-1 A soll profile with unusually distinct horizons. This forest
sail, from the lower coastal plain of Georgia (1),5.), has a thin O hori-
zon (210 3 cm of pine needles in various stages of decompaosition), an
A horizan (10 1o 12 am light black), an E horizon (the bleached layer
of variable thickness), and a B horizon (black layer). Soil corer,

122 em (48 in.). Photograph courtesy of L. West, Univ, of Georgia

(pH 5.6; 18.0 g organic matter kg™, 54 g of clay kg™", and 825 g of sand kg™ ") from
Tifton, Georgia, was collected and passed through a 2 mm sieve." This single sentence
describes severl important characteristics of soil: horizons, series name, and texture
There are two broad types of soil: mineral and organic. The definition of an or
ganic soil varies aceording to the amount of clay and water saturation, but generally
an organic soil contains at least 209% organic carbon; a mineral soil does not. Only
0.9% of the world's solls are organic (Miller and Donahue, 1995), therefore, the vast

PDescription 2

majority of soils in the world are mineral soils. Edwards muck (pH 76,5728 Organic
matter kg~ ') contains 57.2 g of organic matter 100 g~* of soil or 57.2% organic mat-
ter; it is an organic soil. Because Tifton loamy sand has 18,0 g of organic matter kg™t
(1.8 g of organic matier 100 g™ of soil or 1.8%), it is not an organic soil but a min-
eral soil

rizons

A soil is composed of layers, each with it characteristics, called horizons,
A slice of soil is called a profile (Fig. 2-1). Each horizon is identified with the let-
ters (beginning from top to bottom) O, A, E, B, or C. Not every soil has all horizons
The topmost layer, the O borizon, is formed from plant and animal (organic) litter;
it is an organic horizon. Because it is easily disrupted by human activity, the O hori-
zon often does not exist in many soils. A forest is a good place to find a sofl with an
O horizon. The next horizon, the A borizon, is the first mineral horizon. The A hori-
zon is distinguished from the O horizon by having less organic maner Because min-
erals and nutrients leach down from this horizon, the A horizon is referred 1o as the
zone of eluviation. In some soils, an E borizon underlies the A horizon. In this case,
both horizons are eluviated, but the A horizon is darkened by organic mamer
whereas the E horizon is more I olored. Beneath the A or E horizon is the 8
horizon, called the zone of illuviation, because here minerals and nutrients accu-
mulate. At the bottom of the soil layer, below the B horizon, is the C borizon
consolidated parent material

Horizons can have subdivisions thar e horizon from
show a transition zone from one horizon to & 1. in the case of Tifton loamy sand,
the soil has an Ap horizon, where “p” stands for “plowed * Typically, the Ap hori-
zon is the depth of a plow—a “furrow slice™—or sbout 20 am (2.54 em = 1 inch:
20 cm= 8 inches)

— Box 3| —————

Purrow Slice. In old notation, the approximare weight of 3 “furrow slice” was 2,006,000 [b
of soil acre ~'; in new notation, this is approximstely kg of soll ha ™" (1 hecxre
= 2.47 acres and 1 kg = 2.2 [b; hence, multiply Ib of soil acre™' by 1.12 to convert 1o kg
of soil ha™"). The welght of & “furrow slice” s useful for determining application rtes of

sofl amendments (e.g., fertilizer)

1 Names
Tifton loamy sand s a soil phase name. The soil phase name includes the !ﬂ‘k‘il
name and the texture of the A horizan. The series name represents the lowest level

of soil classification and is usually taken from a locale where the series was first de-
scribed (i.e., the name of a town, county, or some local feature). In this case. T:I‘km
is Tifton, Georgia. Names and complete classification of soils .n_":'ee- United States
may be found in Natural Resources Conservation Service (formerly the Soil
Conservation Service) publications (e.g., Soil Conservation Service, 1959) ar StatF
publications are avail-
addition to dassifying

Experiment Station bulletins (e.g., Perkins et al, 1988). These
able in libraries and are arranged by county or counties
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Physical Characteristics

ntific journals), these publications pro-
d physical characteristics of each soil
of soils in the United States have al-

soils (information that is often required by scie:
vide important information on the chemical an
and locate the soils on a map. The vast majority
ready been mapped.

Soil Physical Characteristics

Soil Texture
The textare of 2 soil is determined by the size distribution of the individual in-
organic grains in soil. The grains are separated into three par[iclemsizclﬁ-am:mﬂ: sand,
silt, and dlay. For the U.S. Department of Agriculture system of classification:

» Sand i sail particles with diameters from 0.05 to 2.0 mm.
« Silt i soil particles with diameters from 0.002 to 0.05 mm.
» Clay is soil particles with diameters < 0.002 mm. <4 L u b

In the case of Tifton loamy sand, 2 2 mm sieve eliminated all the larger-size groups
(i.e., stones and gravel).

Based on the paricle-size distribution, all mineral soils can be placed inta one of
12 major testural dlasses. The textural dlass of a soil is determined by means of a soil
textural trizngle (Fig. 2-2). The sample from the Ap horizon of Tifton soil contained
54 g of clay kg (5.4%) and 825 g of sand kg ™' (82.5%) and is therefore a loamy
sand (sand + silt + chay 1otals 1000 of the < 2 mm inorganic particles, so it Is un-
derstood that the remaining percentage, 12.1%, is silt). The texture of a soil does not
change quickiy with tizoe and is considered a basic soil property. Soils may also be N ,
described 25 coarse or fine; a coarse-textured soil has more sand, whereas a fine-lex- ;
tured soil has more clay. A soil whose properties are equally influenced by sand, silt,
and day is called 3 Joam or loamy soil. The properties of texture are important in the
aeration and drainage of soil. It is important to note that these classes of soil texture
do nor apply 10 organic soils: an organic soil is classified as a muck, peaty muck,
mucky peat, or peat depending on the state of decomposition of its organic matter
Mucks have well-decomposed organic marter; peats do not.

Figure 2-2 Soil textural triangle. To use the triangle, determine any rwo of the percentages of
:sand, silt, and clay in a soil. Follow the amrow in the direction of the tic marks at the appropri-
ate percentage. The texture of the soil is identified at the inversection of the two Hnes. Adatted
* from Soil Survey Staff (1975).

Soil Density

A s0il has both a particle density and a bulk density. Density is the weight per
unit volume. The particle density is determined by the weight of the solid soil par-
ticles divided by the volume of the solid sofl particles. If 1 em ? of solid soil particles
weighs 2.65 g, its particle density is 2.65 g cm 3, To get salid soil particles, one can
imagine compressing a soil sample so as o eliminate the pore spaces (Fig. 2-3a).
Because quartz, feldspar, and colloidal silicates make up the major portion of min- o
enal sofls, the particle density for mineral soils is relatively narrow and typically j
ranges from 2.60 t0 2.75 g cm ™. The bulk density is determined by dividing the
weight of the soil by the total velume of the soil, including the weight of the solid
mﬂpn:ddumdﬂaegom spaces (Fig. 2-3b). If 1 em ? of soil weighs 1.38 g, its bulk f
density is 1.38 g cm . The bulk density of mineral soils typically ranges from 1.00

Figure 2-3 Paricle density
(@) versus bulk density (b).
Parucle density considers
only the space occupied by
soil solids; bulk density con-
= siders the total soil space
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- i ial is hi rous and has a particle density
e e ghl};?o organic matter into the soil de-

of 20 10 1.50 g cm °, the incorporation he soil
ut:g tl:odl tt(i“m: ::ngde and the bulk densities of a soil. The bulk dgns;ty divided
by the panicle density, multiplied by 100. gives the percentage of solid space. The
remaining space is pore space.

{ Box 2-2

i i 32 cle
= Snﬂmslrur—lfasmlhasnbu]kdcnm?uflsagcm and a parti
= density of 265 g cm , the percentage of solid space would be (1.38/2.65X100)= 52%;

: the pore space would be 48%.

A typical mineral soil contains 50% solid material (45% minerals and 5% organic
matter) and 50% pore space. The pore spacewiﬂbeoccupiedbyajrorv.-am.a.nd
these two 2re inversely related: as the volume of soil water increases, the volume of
soil air decreases, and vice versa.

Soil Pores

Soil pores play a major role in water and air movement. Also, soil microorgan-
hmmﬁehpm&mmed{mdy}mﬂshawhighmbulkdmﬂﬁesand
lesswulpmespuaeGS%toSG%}dlmﬁ.ne{etmmd(day)scibmmhwe lower
ha&dmsﬁes:ndmtpmcspzce(éﬂ%mémﬁ).mesizeof&epores, however,
is just as important as the total quantty of pore space, Two classes of pore sizes
m:mws:ﬁmd:mopmsmdmimpomsﬂheminﬁmmdimofsmm’op-
ore has been a source of debare, bur is generally accepted to be between 30 and
100 pm. Pores smaller than this are micropores. Macropores characteristically al-
low the rapid movement of soil gases and soil water, Sandy soils have less total
pore space, but those spaces are mostly macropores; thus, sandy soils usually drain
upid]y.[{:lmchyeysuﬂs have more total pore space, but these spaces are
mostly micropores. Soils high in clay usually drain slowly because the micropores
restrict the water flow. This is why a sandy soil has a relatively low water-holding
capacity and a2 clayey soil has a relatively high water-holding capacity.

]i Box 2-3 ll

= i g recent development has been the concept of il}

;ﬂpﬂu (nano = 107%; Pignatello and Xing, 1996). There are numerous enmplﬁwof

wmm&mwrxmﬂgﬁ;o Pms“hwﬂmmwt;mem
ne e

ummuum(man)mmdmmmg

into soil nanopores—soil pores
Mw«mmm;mmmwmmmmmm

Soil Na One

Fungal hypha

24 Awpicﬂwﬂw:c.ﬂmmm;mddaypuﬁdu.mmdwmm“
binitated inorganic materials, and wwmmmsﬂmmwmfﬂmmlp-
¢ .Ncmhuwmewmrfomammlsmswmﬁngrhemspace(amm.wlmw
B nic maner, rods in a polysaccharide ‘plug,':ndac:inomycue}mdﬁmgus{hypbae only), 25
umes:nd.sﬂl.nnddﬂparﬁdcsmzumsu]e.alsomwmwmmw‘d'
. set of microsites for microbial habitation over very small distances. Original drawing by Kim




&= is measured by determining the percentage of soil aggregates remaining on a sieve after

Box -4 —
= Effect of Biosolids on Soil Aggregation. Several researchers (Metzger et al., 1987) tested
§ the ability of sewage sludge (i.e., biosolids) 1o promote waner-mb‘I: aggregates in soil,

(Water-stable agaregates are aggregates that do not fall apart when raindrops hit them, This

repeatedly dipping the sieve in a container of water.) To determine the extent to which
microbes were responsible for this aggregation, the sludge was amended with various an-
timicrobial agents; the controls included one treatment without any antimicrobial agents
{sludge oaly) and one reatment of nonamended soil (no sludge added). The researchers
then measured the percentage of table aggregates in each over tme.
After 30 days, the largest increase in water-stable aggregates was d in a) soil
amended with shudge and a bacteriocide, to a lesser extent in b) soil amended with sludge
oaly, and c) soil amended with sludge and a fungicide. No Increase in water-stable ag-
gregates was ob d in ne jed soil or in soil amended with sludge and formalde-
Iryde. These results suggest that following the addition of sewage sludge, fungi were most

responsible for soil aggregation.
_|

-
-]

Water-stable aggregates, % > 0.2 mm

2]
- & -___‘Jf.f‘j"_”'“ﬂﬂ'*"’“"w'\f"" 2
e e e A
— At fmnmndedwll —
""""*--u--h--h..‘..._.__.._.._.._.._,.__
o1 [ ) L i i
o 20 40
Days

;-:ub:fmmhom? on the percentage of water-stable aggregates in a Gilat sandy
mixed With sewage sludge. The sewage sludge promotes microbial growth,

mlmuffungb-mdﬂwsoﬂ-ﬂnd i
d '8¢ mixture with formaldeh -
mnmddwﬁmkﬂqerﬂd. (1987), waf:bpem{sy;:nws Rty

hemical Characteristics o

ructure

¢ When groups of soil particles cohere more strongly to each other than o other ad-
- Ioining particles, these groups form a soil aggregate. These aggregates can range in
L size from 0.5 to 5 mm in diameter and can even fomdustmofammmqu

1, Fig. 1-2). Depending on their shape, these aggregates define soil structure., Forpct:'
ample, spheroid aggregates have more pore space and more rapid permeability than
£ aggregates that are block-like or prism-like. Soil scientists are interested in sofl struc-
£ ture and soil aggregation because these anributes influence soil productivity,

Egrating Soil Aggregation and Soil Microorganisms

Although abiotic factors like the parent material, climate, tillage practices, and ad-
sorbed cations (e.g., Na™ ions tend to disperse soil particies, and Ca®* jons tend 10
¢ flocculate soil particles) are important in the formation of soil aggregates, biotic fac-
tors also play a major role. Plant roots disrupt the soil and promote granulation.
Organic matter not only lightens the soil, bur also binds ir. Most important for this
discussion, soil microorganisms can promote soil ageregation though the production
of extracellular polysaccharides and hyphae. In this manner. soil MiCroorganisms can
physically bind soil paricles (Fig. 2—4). Thus, soil microorganisms are fundamental
to soil structure and as an aspect 1o soil formation.

Chemical Characteristics
i pH
Soil pH is important because microorganisms and plants respond markedly 1o
chemicals in their environment. Acid soils are most prevalent where rainfall is suffi-
cient to leach bases from the soil; where rainfall is insufficient. the soils are usually ¥
alkaline. Not surprisingly, the majority of alkaline soils are found in arid and semi-
arid regions.
e e
: 1 Box 2-5
Understanding Soil pH. pH is defined as the negative log of the hydrogen ion (H™) con-
centration in solution. This is the same as pH = log,, 1/H ], where the brackets indicate
concentration in moles per liter. Because the [H™] in pure water is 1 X 1077 at 25°C, pure
water has a pH of log 1/11 X 10771 = 7; this is considered neutral. The pH scale is based
on the dissociation of water (H* and OH) from 1.0 MB (pH 1; acid) t0 1.0 MOH™ (pH
14; basic; 0.00000000000001 MH™ remaining). As an example, the pH of 0.001 M HCl is

log 1/11 X 107% = 3. It is imporwant to remember that pH is a log scale; if two solutions
differ by 1 pH unit, then one solution has 10 times more H™ ions than the other.

Most soil microorganisms and plants prefer a near-neutral pH range of 6 10 7 be-
cause the availability of most soil nutrients is best in this pH range. For example,
actinomycetes prefer neutral conditions and do not tolerate acid conditions well.
Nevertheless, microorganisms can be found in soils from pH 1 to 13. Most fungi are
acid tolerant and commonly are found in acid soils. Microorganisms also have the
ability to alter s0il pH. Under anaerobic conditions, some microorganisms produce
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some microorganisms can oxidize ammo=

arganic acids; under aerobic conditions, g
nia and sulfur with the concomitant production of H™.

Soil Amion and Cation Exchange Capacity

Soils can possess both positive and negative charge. The ability of pesifive!y
smaterials in soil to hald negative ions (e.8., onhophosphﬂi‘:, Hz??" )is !h_e
exchange capacity (AEC) of the soil. and the corresponding ability of soil
posidve ions (€8, K*, Ca*) Is the cation exchange capacity (CEQ).
s the ability of a soil 1o hold cations often exceeds its ability © hold anions,
wl scientists Tjr‘pic.ﬂﬂ}' report only the CEC of a soil. This does not mean t}_ml thc_Ar-.C
" of soils is unimportant; the AEC is particularly important in the subsoil of highly
" weathered soils. The CEC is important because it can alter soil physicalzgmpenics.
and it affects soil pH and fertility (most plants obain K*, ca®*, and Mg®" from ex-
changeable sites).

The exchange capacity of a soil is determined by the type and amount of clay and
arganic matter in the soil. In this section, the GEC of clay is considered; the CEC of
organic matter follows. An understanding of clay mineral structure is necessary 0
understand the source of the exchange capacity in clay minerals. Most clays are com-
posed of crystalline sheets of silica and alumina; hence, they are aluminosilicate
clays. One sheet of silica and one sheet of alumina give a 1:1 clay like kaolinite
(Fig. 2-5). One alumina sheet between two silica sheets gives a 2:1 clay like smec-
tite. These sheets give clays their characteristic layered effect (Fig. 2-6) and con-
tribute to their large surface areas.

Clays have two sources of charges. One source is isomorphous substitution,
wrhich is the substitution in the crystalline sheet of one atom by a similarly sized
atom of lower valence. In the case of a sheet of silicon tetrahedra, Si** (radius of
0.041 nm) is replaced by AI** (radius of 0.051 nm) or Fe** (radius of 0.064 nm). In

=]

OH

Al
0, 0H

sl

Kaolinite
a

m% Sheets af u::lliaca and alumina layered wgether to form (a) kaolinite, a 1:1 clay,
smectite, @ 21 clay. The O atoms are shown as large, open circles; the OH™ atoms

are shown i
as large, shaded, bold circles. Adapted from Brady and Weil (1996), Used with

& Figure 2-6 A scanning electron micrograph of kaolinite, 2 1:1 clay. Bar, 100 pm

. Micrograpb courfesy of N. White, Texas AGM Univ.

-, each tetrahedron where this occurs, the tetrahedron will have an overall net —1

charge because the total negative charges of the O are no longer satisfied. This
same type of substitution can occur in a sheet of aluminum octzhedra where Mg™*
(radius of 0.066 nm), Fe** (radius of 0.070 nm), and Zn*" (radius of 0.074 nm) can
replace the AI** atom with the same overall net —1 charge. These charges are con-
sidered permanent charges and are mot affected by soil pH.

A second source of charge on clays is broken edges. These are the actual
edges of the silica and alumina sheets where ionizable H™ atoms, as par of the
hydroxyl ions, are held tightly by the O atoms under acid conditions (Fig. 2-7a).
Here the charge of the broken edges is neutral. However, when the soil pH is > 6,
the H* atoms are held more loosely and can be exchanged with such cations as
Ca®* and Mg** (Fig. 2-7b). This difference is the charge atmibuted to broken
edges. This charge is pH-dependent, and this pH dependency is what distin-
guishes it from charge due to isomorphous substitution. Most of the charge in 2:1
clays is due to isomorphous substitution, and most of the charge in 1:1 clays is
due to broken edges.

The AEG is also located at broken edges. Where OH™ is broken off or AP or
si** is exposed, some anions (e.g., H;PO, ™) have the right size and geometry t0
be adsorbed: other anions (e.g., nitrate, NO; ) do not fit well and are not ad-
sorbed.
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Figure 2-7 Broken edge of kaolinite under (a) acid and (&) all.lﬂline con-
ditions. Adapted from Brady and Weil (1996). Usad with permission.

B

i surface areas of soil cles. For the sake of simplicity, the 4
mz_t?‘“in:m" d to be spheri ':;dthnlupum;vmﬂﬂe. '
Particle Diameter No. of particles Surface E.I;Ei

(mm) [N ) (o’ g7
Very coarse sand 2,00 1w 1.00 90 11
Coarse sand 1.00 to 0.50 720 23
Medium sand 0.50 w0 0.25 5,700 45
Fine sand 0.25 10 0.10 46,000 91
Very fine sand 0.10 w0 0.05 722,000 227
Sile 0.05 1o 0.002 5,776,000 454
Clay <0.002 90,260,853,000 8,000,000

Adapted from Foth (1990). Dhed with permission,

There is an important relationship between the exchange capacity of a scil and
soil texture. The adsorption of water, nutrients, and gases and the attraction of par-
ticles are all surface phenomena—and the greater the surface area of the soil par-
ticles, the greater the adsorption. Because the particle surface area per unit mass
increases logarithmically as the particle diameter decreases, clay has 50 to 100 times
more surface area than the equivalent amount of silt or fine sand (Table 2-1). For
this reason, clay dominates the adsorption of water, nutrients, and gases and the
attraction of particles in a soil.

The CEC of organic matter far exceeds that of clay. Unlike clay, the structure
of organic matter is poorly understood. It is composed primarily of carbon, hy-
drogen, and oxygen and is chemically heterogeneous. The charge of organic mat-
ter is similar (o that of broken edges, except the source of the charge is primarily 1
carboxyl (—COOH) groups because these dissociate at the pH of most soils. I
Phenolic hydim:yis and other groups also play a less significant role. Like broken
edges, the H" fons are strongly held under acid conditions and are not easily re- N

placed by other cations. As the pH increases, the H* ions of the carboxylic acid |'

——

-
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are gradually replaced by other cations. For this reason, the CEC of organic mat-
ter is pH-dependent.

The CEC and AEC of a soil are expressed as centimoles (a centimole is 0.01 M) of
positive or negative charge per kg of soil lie.. emol (+) kg™ of soil or cmol (=)
kg™ of soill, respectively.

{ Box 2-6

Units for Expressing the Jon Exchange Capacity of Soils. In old notation, the AEC
and CEC were measured in mi!]jequljvaicn:s (meq) 100™" g of soil. The old and new terms
are directly equivalent: 1 meq 100™" g of soil = 1 anol (+) kg™

The number of centimoles of an anion or cation 2 soil can hold depends on the
valency of the anion or cation. A monovalent cation (e.g., K7) can satisfy one —1
charge; a divalent cation (e.g., Ca**) can sansfy two —1 charges. Therefore, a soil
can hold only half as many Ca®" cations as it can hold K~ cations,

I Box 2-7 |

iy

Calculating lon Retention in a Soil. Assume 2 soil is 2t a constant pH, so that its CEC
is fixed. The atomic weights of K* and Ca** are 39 (1 mole = 39 g) and 40 (1 mole =

= 40 g), respectively. If a silt loam has a CEC of 10 cmol (+) kg™ of soil, it can hold (35 g |

X 10 cmol) or 3.9 g of K* kg ~* of soil. Similarly, the same sift loam can hold (40 g X
10 emol) or 4.0 g of Ca**kg ™" of soil. But Ca cations are divalent, and =ach cation can sat-
isfy two negative charges, so the soil can hold only 2.0 g of C2°* kg™ of soil.

The CEC and AEC of some “soils™ are shown in Table 2-2, and the relation of the
CEC of organic matter and smectite to soil pH is shown in Fig. 2-8. Because soils are
mixtures, the CEC and AEC of typical soils are much lower than pure clays or or-
ganic matter.

Table 2-2 Cation and anion exch 1ge capacity for selected “soils”
“Soil” CEC AEC \d
Cemol (+) kg™ (emol () kg™

Pure omganic matter 240 1

Pure smectite 118 1

Pure kaolinite 7 4

Typical sand 5 ND

Typical loam 15 ND

Typical clay 30 ND

Tifton sandy loam 3 ND

Adapted from Brady and Well (1996) and Miller and Donabus (1595). Used with permissioe
ND, not determined.
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Figure 2-8 Charge of smectite and organic
marter with varying pH. Adapred from
- & 8 7 8 Brady and Weil (1996).

Soil pH Used with permission.
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Integrating Soil Microorganisms with AEC and CEC
“The anion and cation exchange sites of a soil are important not only because they
can attract or repel anions or cations, but also because they can attract and repel
charged organic molecules. Because the surfaces of microorganisms are composed
of organic molecules, which are positively or negatively charged (e.g., —COOH —»
—CO0O0™; NH; —» NH, ") depending on the soil pH, soils have the capacity to attract
and repel microorganisms, In contrast to physical binding, this means soil microor-
ganisms can chemically adsorb or bind 1o soil particles. How this is done is not fully
understod. At typical soil pH values (pH 5 to 8), soil microorganisms are negatively
charged. Because clays and organic matter are negatively charged at these pH val-
ues as well, some soil microbiologists have suggested that divalent cations “bridge”
sail microorganisms and clays (hence the term divalent cation bridging). Evidence
for this is unconvincing (Stotzky, 1985). More likely a variety of mechanisms is re-
spansible for microorganisms chemically adsorbing or binding to clay and organic
matter. These mechanisms include:
* attraction by ion exchange (where pH affects the charge of various groups),
= weak auractive forces like van der Waals forces, where fluctuating dipoles give
rise 1o an i 1e0us altraction b nonpolar molecules,
* coordination bonding (sharing electrons), and
* hydrogen-bonding (bonding of H™ 10 an electronegative atom like O) as a result
of protonation or water bridging,
In protonation, protons from the surface of the clay are transferred to the soil mi-
croorganism to make the soil microorganism neutral or positively charged. In water

bridging, soil microorganisms form hydrogen bonds with water molecules that form
part of the hydration shell of an exchangeable cation.

Faciors 35

Abiotic Factors

Soil water is essential for soil mitroorganisms. Without some water, there is no
crobial activity. Soil water also affects gas exchange and a variety of soil chemical
eactions (e.g., s a reactant in hydrolysis). Water in soil flows from an area of higher

y to an area of lower energy (this is an expression of the Second Law of
odynamics), and this spontaneous flow of water is measured in terms of 2 wa-
potential. Therefore, a water potential is the measure of the potential energy
er unit mass or volume) of water at 2 point in a system relative to the potential en-
7 of pure, free water,

| Box 2-8 | -

Kinetic versus Potential Energy. Energy is the ability to do work. Kinetic energy is the
energy a body possesses because of its motion and mass Potential energy is the energy 2
body possesses because of iis position or arangement with respect to other bodies.
Therefore, potential energy is not a constant propeny bur 2 relative messure with refer-
ence to an arbitrarily chosen zero level. The potential energy of an apple in 2 tree and the
¢ | ground depends on the relative height of the apple to the ground. When the apple falls
* | from a tree, the apple's kinetic energy increases and its potential energy decresses.

% Because pure, free water is usually assigned a water potential of zero, and the wa-
& ter potential in soil is usually lower in potential energy than pure, free water, the wa-
B ter potential in soil is usually 2 negative number. The water potential of a soil is as-
I signed the Greek lewter ¥ (psi) and is the sum of various forces

I Box 29 |
1 Box 2-9 ¢
‘Water Potential versus Water Content. In addition to the energy term, ¥, soil water can
be measured in terms of its volumetric or gravimetric water content. In these cases, the
Greek letter 8, (theta) and 8, are used, respectively.

Although there are many forces comprising the total water potential, the three ma-
jor forces in soil are:

« osmotic potential (¥,),
 matric potential (W), and
« gravitational potential (¥,).

The osmotic potential (W) is primarily the atraction of solute ions for water
molecules and is always a negative number, Because the osmotic potential arises
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from the dissolution of solutes (e.g., various salts), the potential is significant in saline
salls or in soils amended with organic wastes or fertilizer. The matric potential
(¥_.) is the sum of adsorption of water to the surfaces of soil particles and capillary
forces arising from water being trapped in very fine pores. Like the osmotic poten-
tial, the matric potential is always a negarive number. The matric potential is most
significant in unsaturated soils. Water will move from a more saturated soil (high free
energy; high potential) to 2 less saturated soil (low free energy; low potential).

Box 2-10 —
Capillary Wazer. To observe capillary water. place a fine glass wbe in water. Because of
the sface tension of water and the attraction of water molecules to the sides of the be,
the waser rises in the tube according (o the ube di The smaller the tube, the greater

The geavitational potential (¥,) is the force of gravity pulling water towards the
eanh’s center and may have a positive or negative potential depending on the ref-
erence level of the water. If the reference level is the lower edge of the soil profile
(the osual case), then the gravitational potential will be positive.

[Box 2-11 —
Units for Expressing Water Potential. In practice, all energy potentials in soil, whether
gvitmional, marric, osmotic, or other | ials, are united in equivalents of ex-

pressed a5 kiloPascals (kPa) or MegaPascals (MPa; 2 Pascal s a Newton m™; 2 Newton is

lmdhwmmﬂ:odwameh:wikﬂogrmlmpﬂmdpamd).
= huhdy,ﬂwmmsmmrdhhnnormmsphaqﬂbm=o.98?mphml
Tomh:nnkhurh-!?a.mullip&yhaxsbylﬂﬂorﬂ,l.respecﬁvﬂy(e_g.,—lbar"—*
-lwk_kor —0.1 MPa). To conven atmospheres 1o kPa or MP2, multiply by 101 or 0,101,

Sonmeai_ﬁmsouwzmmhﬁmmg.wj.overmemwofwam
mawmmﬁy‘mmmmdmmmam
mudwmdnfaasoﬂhlghhsih.whkhmmmmmsﬂamuumumnfm-
Erdunasoﬂhiﬂ]mﬂndmesemsaremﬂedmdsm:cchmucﬂsucmwﬁ
;mm t:&aem. The moisture release curves of most agricultural smls
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i Figure 2-9 Water potential-water content relationship for 2 sandy soil. 2 sikt loam, and
& 2 clay soil. Adapted from Papendick and Campbell (1981, Used with permission.

next section). When gravitational water and water that moves readily at high marric
potential have drained (macropores now empty), the soil is at fleld capacity (also

called water-holding capacity). In terms of water potential, field capadiy is approx-

imately —0.03 MPa (—33 kPa; —0.33 bar), except for sandy soils, where field capacity

§ is approximately —0.01 MPa (—10 kPa; —0.10 bar). Most soil micropores are still full
F of water, which is available for plant growth. When 2 plant uses all of this water (mi-
¢ cropores now empty), almost all water remaining in the soil is bygroscopéc water,
§ water bound too tightly to the soil solids for plants to use. At this point, plants per-
manently wilt and do not recover, even when water is added. This is the permanent

* wilting point and is approximately —1.5 MPa (—1500 kPa; —15 bar). While field ca-
§. pacity and permanent wilting point remain in use because they are still good terms
b for plant scientists to describe the upper and lower limits of plant available water,
“these terms should not be confused with water potential (or water pressure). They

do not have the word “potential” (or pressure) associated with them.

Box 7-12 |
{Box 2-12 —

Water Activity. The water requi for microorgani frequently was measured in

B water activity (a,), which is the ratio of the vapor pressure of the solution over the vapor
& pressure of pure water at the same tempersture. This term was used primarily in food mi-
8 crobiology. If a,, is multiplied by 100, it is the same as relative humidity (an a,, of 0.99 =

9% relative humidity). The use of a,, has now been replaced by water potential




Chapter 2 The Soil Habifat

Table 2-3 Microbial tol to matr lled (¥,,) water stress.
T-M Water Water film Microbial activity limited
potemml activity thickness (example of genus)
(MPa) (8
=003 0.999 40 pm | ¢ moverment of protozoa, ZOOSpoOres,
-0.1 0.999 15pum | l and bacteria
0. 0.5 pm | | -
:?: 0,2: 3.0 nm nitrification; sulfur oxidation
—4.0 097 <30 nm bacterial growth (Bacillus)
-10.0 093 <1.5 nm fungal growth (Fm‘?nfum)
—40.0 075 <(.9 nm fungal growth (Pericillium)
Adapted from Harriz (1961).

The water potential in soil also has a profound effect on soil microorganisms am:l
sail microbial processes. Some microorganisms and processes are to!lemnr of mois-
ture stress; others are not (Table 2-3). Also, as soil water becomes limited, rn_:crobnal
movement becomes limited. Some of these water-related effects are covered in more
detail in later chapters.

Soil Aeration

Soil aeration is a measure of the oxygenation of the soil. Ideally, a well-aerated soil
would have sufficient oxygen for the respiration of plant roots and the function of most
aerobic microorganisms (i.e., acrobes). Under these conditions, roots and aerobic mi-
croorganisms oxidize organic compounds to CO,. High CO, levels may indicate that
the soil is poorly aemated. A poorly drained soil is not necessarily detrimental to all soil
microonganisms; facultative anaerobes can grow both in the presence or absence of
oxygen, wh obligate bes graw only in the absence of oxygen.

Soil aeration is highly dependent on soil moisture, soil texture, and soil porosity.
The earth’s atmosphere is the major source of oxygen; thus, oxygen can get into the
s0il only by mass flow or diffusion. Because mass flow is based on total air pressure
differences, mass flow of oxygen into the soil is relatively unimportant beneath the top
few centimeters of soil. Therefore, the major mechanism for replenishment of oxygen
in the soil is diffusion. Soil texture affects this diffusion. If the soil has a high percent-
age of clay, then it will have a high percentage of micropores. The small diameter of
the micropores will slow diffusion. Soil water will also affect diffusion of oxygen be-
cause the diffusion coefficient of oxygen in air is 0.189 cm® sec™?, but in water is only
0.000025 em * sec”” (e.g, Papendick and Campbell, 1981). In other words, oxygen
diffuses through water 10,000 times mare slowly than through air, This 10,000-fold dif-
ference means soil pores filled with water will reduce considerably the diffusion of
mﬁﬂxm&mmemnmrdmmmhighufmdwwﬂsm

itis no surprise that clay soils, with their higher percentage of micropores,
are often poorly serated. Under these conditions, the CO; produced by soil animals,
plant roors, and microorganisms accumulates, and it is possible to have clayey soils
mm,m?cequmshundmdsofﬁm higher than the atmosphere.

Soil aeration is commonly measured in terms of a redox (reduction—oxddation)
potential. The redox potential is the measure of the tendency of a compound to ac-
a:plm:dommelm.udw:msmmmfemd‘apmﬂaldiﬁamce is created,
and this difference is measured in millivolts (mv); the potential itself is abbreviated

c Factors

»

B E. As a subsunce loses electrons (e.g, Fe** — Fe?), it becomes more positive
{more oxidized); as it gains electrons (e.g., Fe** — Fe**), it becomes more ne.g'ath'e
“{more reduced). The more oxidized (2erobic) a soil becomes, the more positive the
¢ millivolt reading. Waterlogged soils, espedially those with an available carbon source
- generally have a low redox potential, and these environments are conducive to zm:r:
obic processes like methane production and sulfate reduction. In general, aerobic
- soils are "oxidizing" environments and anaerobic soils are “reducing” environments.
& For a more detailed description of redox reactions, refer to Chapter 10.

[ 2
1 Box 2-13

Soil Aeration, Redox Potential, and Soil Color. There s an interesting relationship be-
tween soil aeration and soil color (a soil physical characteristic). When sofl is wﬂl—q.c;-;ted,
elements like iron and manganese are oxidized and soil colors of red, yellow, and reddish-
brown predominate. When soil is poorly aerated, these elements are reduced, and soil col- |
ars of blue and gray predominate. When soils have mixed zones of good and poor acrs-
tion, soils will have a motled appearance.

3 " Thus, the soil atmosphere differs from the overlying air in two imporant weys:
L = it contains less oxygen and
. = it contains a much higher concentration (10- 10 100-fold) of carbon dicxide.

i These differences arise from the respiration of roots, soil animals, and soil microbes
& as well as the physical constraints on diffusion.

Soil temperature greatly influences the rates of biclogical, physical, and chemical

#  processes in the soil. It is well known that, within a limited range, the rates of chem-
§ “ical reactions and biological processes double for every 10°C increase in tempera-
- ture. This is often stated as the *Q,, for biclogical systems” (ie., Qi = 2). In addi-
tion, soil temperature and soil moisture are inextricably linked. Water has a high
B specific heat; that is, it requires a considerable amount of energy to raise 1 cm® of
- water by 1°C. When water is added to soil, it is easy to understand how the high

specific heat of water and the natural high density of soil combine to moderate rapid
changes in soil temperature. This effect increases with soil depth. As soil depth in-
creases, the temperature of the soil below the soil surface lags behind the tempera-
ture of the soil surface and the temperature flucrustion is reduced (Fig. 2-10). This
£ is one important way that soil microbiology differs from aquatic microbiology: the
mass of soil moderates the rapid fluctuation of environmental parameters more com-
monly found in aquatic systems (Alexander, 1977).

fgrating Soil Physical Characteristics and Soil Abiotic Factors
Microorganisms

: Tillage is a mechanical stirring of the soil surface to provide a suitable environ-

ment for seed germination and root growth. In conventional tillage, almost 100%
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Figure 2-10 Increasing lag and moderation of temperature fluctuation with increasing soil depth in
2 bare soil from Rothamsted, U. K. Adapted from Wild (1988). Lised with permission.

of the soil surface is overturned, usually with a moldboard plow (Fig. 2-11a and
2-11b). This helps to control weeds and other pests. In contrast, in reduced
tillage, only a fraction of the soil surface is overturned, usually with a chisel plow
(Fig. 2-11¢). Although it is harder to control weeds and other pests with reduced
tillage, the practice does leave large amounts of crop residues on the soil surface,
which serve as a mulch to conserve moisture and reduce soil erosion. Also, by not
turning over as much soil, reduced tillage saves time, fuel, labor, and equipment.

1n a study of the effects of reduced tillage versus conventional tillage on soil
microorganisms, soil microbiologists looked at several soil characteristics
(Table 24, Part A; Linn and Doran, 1984). Because crop residues are substrates
for the formation of organic matter, the total organic C and N are significantly
higher in reduced till soils than in conventional till soils for the 0 to 7.5 cm depth.
In addition, the crop residues, with their low particle and bulk densities, were
not incorporated into the soil; consequently the bulk densities of the reduced ll
soils were significantly higher (i.e., the soils were more compact) than the con-
ventional till soils at both soil depths. When combined with the mulching effect
of organic mater, the higher bulk densities in the reduced till sols trap more of
the soil moisture (and hence more water-filled pore space) than conventional till
solls at both depths.

The increases in C and N (more nutrients) for the 0 to 7.5 cm depth of reduced
till soil increase the bacterial populations of total aerobes, facultative anaerobes, and
total anzerobes (Table 24, Pant B), How were populations of anaerobes able to
Brow 50 near (o the soil surface? Possibly, the higher amount of water-filled pore

spaces r.!menwd O, diffusion into the soil, and portions of the soil became more
anaerobic (i.e., there were anaerobic microsites),

e

1

Figure 2-11 A moldboard plow viewed from the
side (a) and resr (b). and = chisel plow (c).

| Table 24 Physical and chemical (A) and microbiological (B) diffe t e
3 doced tillage and conventional tillage in soils at six Jocations
" Soil characteristic

Ratio of reduced tillage: conventional tillage at two soil depths

©to 7.5 cm) (7.5 w 15.0 am)
A. Physical and chemical propernies
Total organic C 1.41* 099
Total N 129 101
Bulk density 1.04 105
Water-filled pore space 128 L1
B. Microbial group
Total aerobes 135 0.66
Bacteria 141 0.68
Fungi 135 0.55
Facultative anacrobes 131 0.96
Total anaerobes 127 1.05

*A ratio of more than 1.00 means the vahue for reduoed tillage was higher than conventional dliags
Adapeed from Linn and Doran (1984). Used with permiziion.
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This chapter covered soil description and the principal 5‘°'f| du_rnuer!.stlr.s znc? f;:-
tars that define the soil habitat, the most complex of all n‘.llcl’Ubl:al habitats. Soil de-
scription includes differences berween mineral and organic soils, _hom.oqs. series
name, and textural class; soil physical propenies include bulk dcqsury', pamc!_e den-
sity. and pore spaces; soil chemical properties include pH and anion 31_1& cation ex-
change capacity; and soil abiotic factors include soil water, soil aeration, and solxl
temperatuse. Some of these characterisiics and Factors are integrated with sm.l mi-
croorganisms (o illustraie how soil conditions can influence soil microorganisms.
However. it is equally important 1o understand that soil microorganisms can, Ln.mm_
influence some of these conditions and characteristics positively or negatively.
Knowing this interdependency helps explain the enormous heterogeneity in soll—
how, within the space of a few millimerers. some MICTOORAMNISIMS will grow and oth-
ers will die and how some microbial processes will begin and others will stop.
Knowing this interdependency is the key 10 understanding “soil” and, indeed, un-

dersanding soil microbiology.
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Questions

1. A sampie of the Eel soil series from upstate New York contains 158 g of clay kg™ and
279 g of sand kg™*. Using the soil triangle in Figure 2-2 determine the texnural dass of
this soil.

12 The CEC of the Ap horizon of Tifton loamy sand is 2.6 cmol kg™ of soil; the CEC.of the
Ap horizon of an Eel soil series is 10.6 cmol kg~ of soll. What is CEC 2nd how would
the CEC differences berween Eel and Tifton soils be mmpormnt 1o soil microorganisms?

£ 3, Discuss the scurce of electrical charge in (2) an sluminosilicate day, (b) organic manes,
and (c) a typical bacterium.

£%. A 10 cm layer of sand is on top of a 10 cm layer of clay. Water is poursd on the top of
the sand. (a) Diagram how the water moves through the sand into the clay, (B) Which
layer has the greater water potential and winy?

.5.&wﬂumhdopﬂ$mmﬁmmw-nmanﬁmafmimm—
ing a sterile, nonselective broth for growing bactena He scoidentally trips and falls. He's
all right but the medium has spilled on 2 pawch of bare soil {a) In the portion of soil that
hubcmwmmm-wwidtheﬂ:lk}'dmdmmnﬂmmmwm—
callybmdlhcsoﬂbczﬁm:d’fb}mradﬂsﬂﬂpmpﬂdﬂmdmmm

be affected that would, in turn, affect soil microorganisms?
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INTERACTIONS AND NITROGEN CYCLING IN
A SEMI-ARID GRASSLAND SOIL

DYNAMICS OF THE NATURAL POPULATIONS, THEIR
w:ucm EFFECTS ON NITROGEN CYCLING
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STELR mxmmmﬁnnm;uw B
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Nanwral Resowrce Ecology Laboratory, Colorado State Universtiy, Fort Coltins, Colorado,
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SUMMARY
mﬂkmﬂmldﬂmwmn-l

1) Ongumism
ressland seppe mondhly berwesa Apeil sad October 1981 The cbesrved
kﬂ'%ﬂﬂhndwmwﬂ*“‘

@ Scasousl respooess ia traphic =d N i
w—:akh“pﬂtmmuﬂww"
their food wouroms (beseris and. foupi, maidly) sbeequenly reduciog
micvobial biomam; () reduced. decomposer and inoreased preser mumbers cecurred
comsomint with incresses in %o fnorgenic N; (i) iseressed decumposer marbers
mmhmmaw.u comesponded 10
decressed levely of soil morganic N.

INTRODUCTION
diotine the of p ‘bation of nataral an understanding
of the functions, jons and 7 wrhdmby&:emmhlwnhmm
Ch rization of the jties in an in terms of the functions

cacried o by the component groups (such as detritus processing, predation, autrient
cycling) is most important to understanding why and how thel ecosystem exists (Cairos
mmmdwnﬂnqumwﬁmm:hmw
microbs-p in order to

umaudmms Enmetm‘ Hul-mni!mmnyhtﬂdpmdn
ﬂdm fudl tes, fongl, 1

microarthropods and Mhucynmmhmfmndmme
endersides of small rocks on the sofl surface and are a negligible portion of the total

* fasioee of Boology, Universizy of Georgia, Afhesa, Gearyia 30602, USA.
} Esvironment Canads, Pacific Forest Ressarch Cantre, 508 West Burnside Rooad, Victorls, B.C. VEZ 1M3,

2 USDA/ARS, Wessers Regionsl Rescarch Cater, 00 Buchacan Strest, Alberry, l:ll::i:!‘Tlll.lJM
In-—--fm Colorado Stxe Universizy, Fort Collim, Colorado
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microbial ‘biomess. Numbers and types of soll organisms differ between econyiems,
nnd these differences may change the manner in which nutriests are utilized within g
wyslem.

Cmq#m‘nmﬂ
‘The model consists of two parts: first, & hypoth d Ezed d m
web,unmmurwhchunhvufnlnmlmd.mamuf
nf} ' jons within the food weba; these are indicated in the following
text.

Environmental controls exist on all groups and flows. Abiotic factors, such ms
and rainfall (molsture), affect the growth and survival of all organism groops
in the model and temperanire effects were included as Q) offects (Hunt e al. 1984), For
mﬂmm&mhﬂmwmhuwm(&.ht
Coleman 1977) end on model ] data (Bachelet er ol 1983). Plants contribute
ehbﬂwbonanﬁommbmwvmmm“m:m
lough litter and root prod:
Othﬂﬁuwl,mtﬂplhﬁy:hﬂwnmﬁ; 1, ere those to which cach orgenim group
for iz, the organic sut pool via dead biomass snd stmospheric

CO,huWMWMMm&MnMWWGGI(W“)
and Hunt & al (1984) have shown that the organic substratz pool could be spilit into
scveral fractions; however, in order to simplify the model, these fiows and Factions were
not differentiated. Thus, in this version of the model, primary decomposers (Le. the bacteria
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mmummhﬁammmmmm

gowth posmxial. )
Hnyﬂmwhmﬂwmmﬂw-

dnqhﬁmuymwmm
”hmm&&un’mmm&Swﬂmﬁmdwﬂ:

Wrﬂhwnwﬁdwhdamwumhmmmwmm
acmazwmnn.cmmwmmcmwdm
sebstrate is that of whole yphac.

Vesicubur-arh ‘_,"—-m;i(vmﬂ:wmdummm
mwmdmwwammmuwimm
symbiotic relatis 'wﬁhphmuhmthcfnnauamhwbunhmﬂwplmm
hmwmﬂNWndnﬁmpmmiﬁmimhnm&m
mm«uw;m&:1m1mmmmn'vmfngma1m
‘Nﬂlﬁ:Wm&.M&Uﬁ:rleuMwiﬂmueﬁnmﬁm;ﬂ—
mwmvmmmtuﬂmm&mwmnuu
-:‘-tlwhm“u{fmﬂmmMHminanlnﬂwmndd;mumdw
Bow in the prescnt experiment.

Mmmmmﬂdﬂ:mplmmﬂﬂhmdum

nmmmmwmnmrmdm
I high in nitrogen relative to their metabalic need for nitrogen (Ingham ef al. 1985),

The two higher leve! pred are the predstory mites and des. Both groups
mummmmxmmmmmmmm
fungal-feeding microarthropods and predatory nematodes.

Experimental approach
(Coleman ef al 1977, 1978; Anderson ef al

» . 3
1978; Anderson, Coleman & Cole 1981; Trofymow et ol. 1983; Ingham et ol 1985) it
mewahmhw_mmhwﬁwum

because ‘bicmass, esp sbould be cagily utilized snd the
ww_mtmmﬁﬁawmwuﬁ“m
prowts, - biized in biomazs if the C/N ratio of the substrate is
high, as in the case of giocose, celluloss, or chitin. If the C/N ratio of the substrate ntifized is

o mors pradators use one prey soures, & d in ons predator results =
wuum@vmmmmwhmhmm:;ww
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e srating wil - 1 by releasing mutrients seq 3l the
microflora.

mmmm«mwmmmwmmmh
observable under field conditions. Furtt b the and § Ive iy

observation of the p mpessed in the trophic of the i model.
Awuoffmdwdnmahmdwuﬁwryinmmwmddmhw.m
ubﬂit:hywhd-(?ﬁnml?&;&dql??!}mahntbumdunmhdm
and d the more bie the web will be and the more prone the system will
be to callapse. The trophic in this grasshmd ins several three- to
five-link fuudchaimudmoﬂ:ofmnm(bumil—ﬂqﬂm—umh&
Glintes—bucterial-feeding des—predatory des—predatory of igmatid
mﬂu)mﬂmmmmmw-fuﬂumsam
lﬁmﬁdm}.ndnuwnpshnmtmmmbugchdniwwumh

destabilizing.

mmmmwwommwhwmmm
WMmmmmwwmmmmﬁ
microcosm stadies.

MATERIALS AND METHODS
Site description 3

On Ismmh.wsz.mmnhmﬂnmuﬂhﬁmumdwx 10 cm in diameter

mwmmwmmymmmtmmpmmnmmﬁm

m;nmwmww(mmmhmﬁam
U.S. mPGMM}uumhmemdthm&

‘hnplargid, conrse-loamy, mesic, mixed.
Experimental design
Timing for sample dates was based on previ knowiedge of ] cycles of abistic
WNMMM&C@mIQﬁ;M¢a&Eﬁ;mt
mumnm;mmummwmmm—sm{mmum
BW.TIMIZM.BAMHWMHWIM{MW
indk ining soil domly chosen,

were ly d From the fiedd and recormed to the
wmlhummmmmmmndm
ﬁummmmtw-c;mmmamrwam
shoots were determined mﬁnlmmmd&mywtlﬁnmﬁ::wu

1953,




mwuhnms*c..mmpdmumw
mdﬂmmﬂhldmlwnmﬂu:-ﬂﬁ
:’;ﬁvduu vNW}h&-mwwluMd
& Porsman (1967) and Henriksen & Selmer Olsen (1970), mapec-
L e P was 4 in NaHCO, aod sseayed nocording to the
(!!%}l‘lumdnﬂlmumumm
funngls (Andsrson & Coleman 1977) snd corrected for extraction efficlency.
woll, gonerally m.m.u.u.u--dwudmtamlnduu
sorted into desd and new (white-appeariog) 1oots. The jengths of new,
dwﬂmmw-dhuhulhhmumtumh 1971).
eoloniuation of roots were quantilied using the autofluorescedoe
Ingham & W (1992) and total VAM colonizatian of new roots by
(Phiftips & Hayman 1970),

il
:
i

Ii“[;l
i il

13
il

Starlatieal analyses

Statistical snalyses mﬁ;mwrwmmmu—m
(il ot ul 1973). o differences [ & 0.05) wers oaloulniad oaly when the F
Iﬁl“w-ﬁlM\'mOﬂrwmﬂmdﬂmuﬂu
o mat, unbest otherelie ndicated.

E
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RESULTS

Abiotle conditions
Abiath; factors are very lmportant in determining g

1L i ]
The ool (<15 °0), dry wnather (Fig. 1) through the middie of May lmised
activity. Mo shool or 1ol growth wes observed antll 3 May. The initial (5 Aprtl) sel)
mobature was | 07K,

Between 3 and NM:r.me-huuM{-pmlﬁ‘mdwmnnw
(<10 *C) oovurred. fipring rains begen during tiis tme wrd plents began (o respond by
wpmh.nysjm,mimw.pmmmmm-mm
o were | dngly fi bk

From 20 Muy o 27 June, temperatures fluctueied sround 20 *C, sad wany sl raks
showers ocourted o that growth conditions remained very fevourable, Weather typical of
the prairle summer then provalled from 27 June 10 4 Seplember, Tempereturss ranged
between 23 and 30 "C, with occaslonal thunderstorms duriog the wuazy, dry days. Sall
molsture had been low since mid-Aprll, in the range previcusty cbesrved during the dry
spring period between | April end 3 May, Little plaet growth oocurred duriag Joly or
August, dthough green shoot material eod new root leagth wers malntalaed.

Temperatures began 1o decline, sarting on § September and contieuing Urough
Cretober. Soll moisture refiected increased rainfall end decreased srporation during this
period. Bven though moisture wes not suessiog for the cool
probubly kept sctivity at low levele

Bacteria

For bth depths (03 and $-10 om), total becterial mumibers renged from | « 10710 2 x
10" g ' dry soll In early spring to midsommer in Joly, sxcept that bacterial sumbers wery
Initlally higher (4 » 10%: g~ soll) in the 510 cm depth then the upper 0-5 om depth
(1 % 10% g woll). In August snd October, | ial conars ¢ d noticesbly from the
values oo the previous date, dropping from 2 = 10 in July 10 0.5 x 10° in August snd
from = high value of 6-5 » 10" in Beptember 10 4 x 10" in October. Numbers of visble
bacteria or bacterial colonies that grew oo tryplone for both deptin wers approsimately
en order of magnitude lower than total counts and Buctusted in & menner similer to that
for totel bacterial counts.

Fungi

Total hyphal lengths for the 0-5 om depth (Fig. 3) were initially 45 m g wod,
decreased on the next dite when soll termperature was low, but then incressed twough the
growing season. Hypha! lengths decressed in October. In the 510 cm depth, tedal
hyphal lengths followed the aame puttern except that in gencral, hyphal lengtha wore lower,
100 m g soll, st the peak in Acgus.

Actively prowing bypha) lengths (FDA-stained hyphae) in the 5-10 em depth followsd
putterns similer w0 total hyphal lengthe, with sctive hyphse sbowt 10% of the total
lengthe. Active hyphae decreased in April and May, with lengths in depths of 5-10 em
initially two-fold higher than in 0-3 o (Fig. 3). However, in soil deptin of 0-5 cm, sctive
hyphae increased repidly in June xnd July snd thes sbruptly decresssd in Auguet, sad
remuined at that level during September and October. The rate of increase of wtad hyphae
waa refloctad by the active hyphse present in the previous sample date.

Vinble fungl or colony - forming units fuctusted between $ and 15 x 10° g~* soll,




cur study; were usually between 0 and 2%. However, on two
nwdw.mm:immmli-iimdnﬁhm

mmw.mw.mm 33% of new roots
were infrcted, while less than 1% were colonized with active VAM:

Protozoa

43). In the 510 cm depth, oumbers were initially higher
{10% g~ scil), decreased 1o lower levels than in 0-5 o on 3 May (70 g~! soll), then

minteined sightly lower numbers thun in the upper depth (6 % 10° g~ soll) for the

|
5

2 cyst nearly
esunlied total numbers. In July, though, cyst counts decreased (7 g™ soil) while total
sumbers increased (107 g~' soil), so that most flagellates were in active stages. Total
wmbers remained high and cysts proportionstely low through the rest of the season,

initially extremely fow (80 g1
et increased by 3 My remaining between 2 x 10° and 6 x el i

10" throughoirt the rest of
the summer (Fig. 4b). The pop for baz were different for the
5-10 cm depth. In Apeil and May, amoebal hers were iderably igher (9 x 10%)
than in the 0-5 cm depth (90 g~* soff), decreased in June and July and then increased in

Angust, and remsined at those levels through September and October. Amoebal cysts
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L, orebos nuamer +irg st
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(maawured in the -5 cm depth) followed the same Moctustions as observed B

-~ Mhﬂuﬂdmlu’r'ﬂlulnr;.::uuﬁm&;’;:“u:
roturned and remaioed ut 107 g~* wofl the rest Summer.

ooy tl-!mdls-vl)x Io’r‘ul)ohmhvmbuwuh

i
i
i
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i
E
i
:
i

In
Clliate mumbers wore alwa, coasidecably lower than pmoebal ar flagellate pumbers.
M-Mwa&ww M.wmlﬁumdm
soil, after un initial spring increase. ﬂu!-]l)umdw&h._eﬂhlunmm
slightly between § and 100 g~! soil from to August, then increased to

!l

r‘ﬂhsm-hm“w 180 g~ poil Oanhw.cmmcm:m‘dwm
Jow, between 0 and § g~ soil. In geveral, cyst mumb " during dry
Fﬁﬁmmuﬁwgﬂ'ﬂ.

Nematodes

mmumo—smmmwu.nym.muopm.m
rﬁtu?lr‘dhﬂmhuﬂywwm“ﬂﬂwumior
ml:sr'mhwmmmmmumdmm@?ﬂm
mhﬂwhhmﬁm.ﬂmmmw«dmﬂﬂ!wﬂ; soil by
M.Mwmmr'nilrnrlunetmmhsmnh«.nrdmwg-lilhur
bﬂMth”r‘ﬂleﬁ?:—twﬂmrmr
categories: tylenchid (fungal wnd plant fesders) hditidd and p
Rtan, e dori Gl )i oo s
observed in were
Mﬂl:’" in s Ao were & result of changes i rhabditid and
tyhenchid pumbers.
Mwmmmnunm&wnmmmmom
mm&qmm|9.-‘nﬂmsnwn.mndmsar'mummy.um
"’bmﬂﬁmhmmﬂmﬂduwld?!l"uﬂhw.h
h&hlmmmlmmllg"ﬂhuq.mummm
mideommer, then increased to 8 peak of 106 g~ soil in August.
mmwnmm.dwawmmmmm«
mnhﬂ—smmanWy?r'mwmﬁdu
uuwm.uwummnr'wuwﬁmmmmm
Mm.vithlnuuulinAuM{i!r‘}mdswht(@r')mdmmn
decresse in October to 38 g~' soll.
The ratio of chabditids to tyleochids ranged from 1+5 (Septomber and October) to 7-6
(Mxy) but averaged about 2.0 (not lncluding the May daie).

Microarthropods
Microarthropod aumbers were highly varinble, usually in the renge of 0-20 per 100 g of
sofl for any set of three replicates. Because of this variability and the low numbers, no
significant were observed excopt on the last sample date in October, when
mumbers increased to 45 g~ wil.

- Soll N and P
Concentrations of NOj + NOj-N generally decreaned through the nummer except for
two peaks in the 0-5 em depth bn May and August (Flg. 5a) and one o May in the
$-10 e depth, Ammontum-N concentrations st both deptha showed gradual decreuses

A
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throughout the sample period except for the Angus increase as also observed for NOy-N
(Fig. 5b). In the upper depth, NHY-N concentration was lnitially jower then in the 510
am depth but steadily decreased to <1 gg g soil in October at both depths. Inorgamic

bie phospk i intained uniform levels in both depths although
it was atways higher in the upper depth, 20-30 jig g sail as compared to the lower depth
concentrations of B-18 ug g~ soil.

Plant roots

Total root length incressed early in the season, decressed through June, iscreased in July
after rainfall and then decreased to levels observed st the beginning of the season. Tiotal
toot length in the 510 em depth mirrored that in the 0-5 cm depth, except it was

—

ot
.

A
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October 1582 (b Per coct of oot
mswwmhﬂhr‘ﬂh‘g' Hqﬁﬂfﬂi?ﬂs( e

wwwﬂlkmﬁwmhmmﬂmMMH
kMaMhunMns-wmmm.mphhwm
ﬂ“mmﬂmmhwmmtlmmd!lh.

Pilant shoots, N, and P
T;ﬁhmm&mwmwmmm (Fig.
nmm-ﬁauuﬂ-mhdhmmmmndw
& maximem ja Angust. In contrest the N concentration in five shoots peaked in May and
hen decrensed slowly throwgh the summes. A small, poo-significant (P 3 0-05) increase o
bﬁ!“hm?ﬂPhhmm:mﬁﬂnmﬁ.h

May, P concentration was ut 0-37%, slowly decreased through August and September

[0-16%), wnd incressed alightly bt not significantly to 0-18% in October.
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RS -1

Live shoots g dry wignl]
Peecent N in fhvw aboaty

Fio. 7. (@) Live shoot dry weight prodoced per cyfinder and (&) pecestage sivoges s re
shoots o

DISCUSSION
. Trophic interactions
Bacterial-predator interactions
Evidence of predation decressing becterial populstions was obscrved in sexsomal
k ial resp 1 d t ial populations would be expectsd in exrly spring a5
growth ions become fi rable. While bacterisl incresses were pot observed in
April, bal end ciliste mumbers i d

idershbly. These protocos grazsd becterin
and kept the standing crop of becterie fom ing. Ni des, primarily bacterial-
fwdnm:rmeduumunrmcbmhlhmiuuqmdm.uum‘a
incresse in activity snd rumbers, increzsingly more N should be immoblised in therr
biomass, sssuming & wide C/N ratio substrate (sce Experimental Approach sbove), thus
MNmM:meMMNO;—MNH:NWW
mwuamsmlvanwmnq-xmmﬂ4msu
Norﬂmiumn:hnumeﬁm:&n:ﬁimmmdmkﬁmwhw
to two orders of magnitude. Cllistes und b incralize N from & ial bicmass
(Swml%ﬂ:a\ndwm&kmm&.&l?ﬁh&?madlﬂl;m«dlﬂﬂ
mmnmmmmwmkhmwmmﬂu jcrobi
biomass. Although the liration process is gencrally idered to reiease NH{-N,
nltrification can occur quickly. During plant growth in nstural systems, the pradator-prey
i ion and subsequent N release ing grazing cannot be followed by meascring
mwu.mdnwmmmmwsm‘mm
mww.mm.mmmmﬁmmw'uhmdu

constantly depleted by plamt uptake.
mmmo{mmﬂnmmm-m:w:ﬁkm:w
the hot, dry weather in July and Avgust, bacterial pumbers & d twofold. Decreased

bacterisl growth reduced N immobiization by becteria while dead bacterial Biomas ’

continned t be mineralized. This resulted in & d N avallabiity, as both i
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-Nwhwmmmmwmﬁumt

mnmmnﬁmmmmmm. powth

dwmmummnmmewnufmw
was

yoted Bagellates i d in Septemt by another order of magnitude as compared to
hmmhﬂuhuﬁﬁwm.m‘ ciliates (total minus cysis)
showed & & in September, perhaps in resp o d bacterial b

Since cilistes did not encyst 1o escaps the adverse conditions in August, their low
MHMmMaﬂm“ﬂauomrwmdtomwt
becterial numbers. Amosbas and fSagel i i o by ok
which would decrease their ahility to respond rapidly to increased bacterial mumbers.

£t the same mumbers 2s in September, with no change in totals or cysts while all classes of
pematodes decressed. No significant change in inorgamic N was noted, although an
incresse might have been expecied because of N released from the reduced bacterial
populaticn. Two explanstions wre possible: (7) only emough bacterial biomass was
mineralived by redoced grazes populations to reduce the deficit in N obscrved in Angust,
and () plants may have been responsible for uptake of mineralired N becanse new root
leagth increased, as did the percentage of N in live shoots st this time. Tt iz typical of blue
prama to increase N in five shoots and to undergo root growth during the sutumn, when
moisture is vot limiting (Ares & Singh 1974).

Bacterisl feeding nematode numbers Incressed from 61 to 75 g~ suil in September in
pomss o i d bacterial sumbers but not enough to significantly reduce the bacterial
pog The increase in bacterls] mumbers could have immobilized 8-3 gg N g} soll,
and observed decreases in NHEN and NOg=N totalled spproximately 4 gg g~ soil in
the 0-5 em depth. Therefore, | ic N in soil d i in September, as bacteria
immuobilized more N into bi

interactions
nematode dynumics, nematode predation of fungl did not appear to be a major factar
cootrofling fungal populations. Total hyphal lengths in these prairis soils (50-100 m gt
soll) are low compared with those in other systems. Forest soils and litter contain from 390
1016 500 m hyphse g soil (Berg & S3derstrom 1979), 140 to 66 900 m g~ soil (Bidth &

610 Trophic interactions in a semi-arid grossiand T

S5derstrém 1979), and 3287 to 6909 m g~* sofl (Domsch et al. 1979). Agricultural soils
comtain 178-387 m hyphae g~? soil (Domsch & al. 1979) and up to 1000 m g~* soll
(Sch Clarholm & Rosswall 1983), but most undisturbed temi-arid grassland

contain much lower amounts of hyphae, between 50 and 300 m g* soil (Clark & Paal
1970; Nakas & Klein 1980). These low fungal levels may mean that pot enough biomass
exists in such soils to support large populations of fungal-fecders. The lengths of active
hyphae in this soil were similar to, or greater than, thoee of active fungi in forest fitter,

agriceltural, or fertilized-grass (Warcup 1957; S5derstrom 1979; Domsch ef al.
1979). Explanations for this higher proportion of active hyphae may be that dead hyphas
persist longer in other or thet some jsm may be present in this grassiand that

quickly degrades empty fungal hyphse: The organisms that utilize fungal hyphae are
specific bacteria, cspecially actinomyoetes, fungi, fungal-feeding nematodes and certain
arthropods. Reports of amocbae that sttack and degrade fungal hyphae bave been made
(Chakraborty, Old & Warcup 1983) but have ot been cbeerved in thiz system (. Frey
personel communication).

Fungi also immobilize nitrogen in their biomass, which is then mineralized when hyphee
gre grazed. A higher percentage of the N is contsined in cytopiasm (eg proteins,
enzymes), while less is immobilized in fungal ccll walls. Thos, when active hyphac are
attacked by nematodes, which remove only the cytoplesm and leave the wall matesial, N
will be excreted into the soil because the C/N ratio of nematodes is higher than that of
fimgal cytoplasm, 8:11 as opposed to 3:5 {Ingham e gl 1985). IF active byphac become
inactive through abiotic stress or lack of substrate, cytoplasm is utilized to produce resting
mmﬁum%whﬂummmw&&d
Nitrogen in these inactive and/or dead, empty hyphas can be utilized by arthropods, other
fangi or bacteria.

In early spring, active end total hyphal lengths decreased slightly (56 sg funge! biomass
g soll), itent with mn i n des. Most of this increase was due o
muummmlmmmmhwmm
ps-lml4wﬂ)nﬂﬂaﬁmurunrinﬁnm.ntﬁ:mdmﬁmhwm
mey be attributed to the fungal-feeding nes des, since this population was calculsted to
consume 53 g fungal biomass §~* sofl. The & in ion of jcNon3
May (5 gg N g~ soil, 0-5 cm depth) may have been parily the result of N releasd by
nematode predation on fungal hyphae, which was calcalated as 9 pg Ng g~ soil.

The increases in active hypha! lengths (tenfold between Msy and June end twafold
mmmmymmwhﬂmhmwmma
pot incregse in number and thus did not incresse predation pressare on fung! during this
mmmmmummuw:mndmuﬁm
mmmmmwwmmm.uwﬂu

mwmwmwmmmmw
i ible thet much of the decresse in hyphas was

in inorganic-N concentrations st this fime was noted previously, in
Jator & sons, and was probably fbuted to by the 4 g N g~ 30ll mineraiired

Lynmumdewdﬂmmw&nhphn. J
o7 4 inued 10 b Angust xnd September, und actively growing
hyphac remained ot the level to which ﬂwhﬂﬁuﬂdhmmmm
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of bacteria and fongi by pred lted in i J soil inorgamic N, pred
populati declined following reduction of prey, and plant growth incressed afier
A in o poputsti ;

The three- 10 seven-link food chains which exist in this grassland ecosystem, aloag with
the many omnivore groups, were secn to be stable and, if anything, the ability of pred

to utilize more than one prey group appeared to stabilize their populations. These
observations do not support the hypothesis that grester connectodness increases the
probebility of the system to collapse (Pimm 1982).
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41C INTERACTIONS AND NITROGEN CYCLING IN

A SEMI-ARID GRASSLAND SOIL

1L SYSTEM RESPONSES TO REMOVAL OF DIFFERENT GROUPS OF

S0IL MICROBES OR FAUNA

Br E L INGHAM®, I A. TROFYMOWT, R N. AMES}, H. W. HUNT,

C. . MORLEYS, J. C. MOORE§, axp D. C. COLEMANY

Nasural Resowrce Ecology Laboratory, Colorado State Universisy, Fort Collins, Colorado,
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INTRODUCTION \
Experimental approach
The bolistic method of igating the function of ities in natursl systems
consists of pertwrbing the siching what bappens, and inferring from these

symem,
cbesrvations the organization of the system (Usher, Booth & Sparkes 1982). Most
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perturbation experiments have usoally exemined only the offect of the pertarbing agent on
a specific population or process instead of o ating trophic © i and
commueity structure by cbeerving changes in non-target groups as well Two types of
perturbations have been described. One, & transient changs in a popristion or symem
furction, is & ‘pulse’, while the other, depressing and maintsining this status, is termed
‘press’ (Bender, Case & Gilpin 1984).

Recent studies by Stantos, Allen & Campion (1981), Sentos, Phillips & Whitford (1981,
Santos & Whitford (1981), Whitford & al (1983), and Parker of al (1984} show that
various biocid fully Himit activities of certain targ=t groups of soll orgaciwms.
Reduction of mites, fungi or les by these hers resclted in shifts in
d iti i ing organk amd, in some cases,

12 Eppals.

One difficulty with biocide apphcations is lack of ledge ing either direct or

mmdirect offects of these biocides on pon-terget organisms (Anderson 1978). For example,
captan is known to reduce Verticilliom snd Fusorium, two fungal plant pethogens (de
Bertoldi et al 1977), bul its offects on bacteria, nematodes, microarthropods and masy
plant species wre oot weil documented (Inghem ef aL 1985). As un initial st=p in cbserving
the effects of sight biocides on organisme in Emple soil microcosms and 1o faciitate choice
of effective biocides, preii : § ert were carried out with bacteria, fimgi end
protozon, with and without plants (fnghem & Colemas 1984) Based on these imitial
microcosm resulits, five biocides, described below, were chosen for the field stndy.

One further undertaking was to & ine the of the effect of & one-time-caly
pplication on target populstions. Prefiminary exp showed that target organiam
effects lasted for at least one month (Ingham & Coleman 1984).

Conceptual model

The perwrbation sxperiments performed in this cxporiment allowsd further vaSdetion of

the ptus] model developed for the shorgrass prairie (see Ingham o of 1986}
Specifically, testing invobred ! or reduction of becteria, two different functional
groups of fung, or microesthropods, to determine the offects on other organism

groups and on nutriest cyciing. The following assumptions wers sed 10 hypothesize what
mwﬂm«mmmm:mmmwmcm
ratio of the organd firing the sub , kow C/N ratic mbetrates gen=rally resclt in
mineralization of N end high C/N ratio substrates result in immobiiizstion; (i reduction i
apmdmmuhinm-ﬂmmdm[i}mhnmwmh
& redoction of pred ik ww&mwrﬁﬁummr
possible; and (iv) competition for food ocoars aad & decresse in one

ommivorous orpaniam groups wis testad.
MATERIALS AND METHODS
Site descriprion

Ou 15 March 1982, 150 slominiom cyfinders 15 om deep X IOmhl_im'u-m
Mmmmmmmwmnuw.mu
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i RESULTS
‘No Hocids trestment effectsd total microarthropod numbers, total root lengths, percentage
> of pew root length, litter or dead shoot dry weights. No predatory nematodes were
i extracted in our sampies, elthough they wre known to be present st the CPER (C. R.
T Morley personal {
" Only significant diffecences of treatments from controls are discussed in the following J
sections, unless specifically noted. Significant effects (P  0-5), based on control values, “
| will be mxpressed as direct effects of the biocide when in fact the effect may have been 1
‘* mwm::tudm&mmw.mmmdﬁ:m :
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Bacreria
ye ﬁﬂMMW«MWm&;Mw?
total acterial mumbers, in Apri, and threo decreases in the summet,
'hwdmwt;mmwmwum
otherwise had no lasting effect on ial populstions. Car initiaily
Red i 4 total ial pumbers (Fig. 1) 4 them in May 4nd then
increased again in July. While bacterial populati imall ents d ed in August,
qummwmmmmmm.qmw
sumbers in carboft ined the same as those observed in September.
w-ﬁﬂhmwmﬂmmm«w!aanMm
ither dopth.

i
&
1
E'|
¥
£

Fungi
membbﬂdspltammmm;mphﬁn:
ﬂhhfwwﬂn(ﬁpimd!)whﬂ:wmmmmhhw
and September in both depths.
mmmmmmmhmwm(n»m
mmmwmmmmm’zm:)ammmwdm
“.mwwumdammnumﬁmmw=w
umbers was observed.
hmmwmwmmmo-smmmuﬁu
May to August, while the is i —‘1].0.& lﬁhh
wumwwmmwmiwmr wehile in
(Fh.!}hdspﬁlof!—lﬂm.PCNBmmmlhyphﬂ
mmﬁmmwmmmwmﬂmwmwm
was significantly lower than controls, July-September and fnally increased to
mmmuhmno-smi.omw.mmmmmm
than controls from June to October except for Angust

controls (Fig. 3).
Cygon redueed total kyphal lengths in bots depths from July. to October (Fig. 2), and
mmwmmmwmhmwmmmn
MNWMWM$IBHMMMEMMMWh

2 were observed at depths of 0—5 cm. Viable fungal numbers were not
affectad in the 05 cm depth but were reduced in May in June at the lower depth.
-

Vezicular-arbuscular mycorrhizal fungt

izal colonization wes not affected by streptomycin or cygon. In captan-treated
solls the percentage of vesicular-srbuscular mycorrhizal (VAM) fungal-colonized roots
mhﬂﬂdhhs—lﬂumwﬁmlﬂrdﬂwﬂwbmmdﬁmw
VAM fangal-colonized roots were indistinguisheble from controls (0-2%).

1n carbafi ¥ il coloni was | to 15% in both depths
in July and to 10% m Angust in the 5-10 cm depth. These increases m active VAM

620 Trophic interactions in a semi-artd grassland IT

fungal ization (autoft Ames, Ingham & Reid 1982) were corroborated by
Ister, significant i in total eolonization from 30 to 45%, using the clearing and
staining method.

f Yool

o Protozoa
In strep i cystic (agell were greater in July and Aogust, while
totals were reduced in May (Fig. ¢, b), Tota amoebal numbers in the soil depth of -5 cm
MWWhAwﬂHMMW(ﬁ;h)EMS-WWMﬁM
streptomycin treatment, f ipns in hal populations and the comtrols were not
lynd:xmom(ﬁ;Sb}Summﬁnﬁdepmlimm
fn captan total Aagell bers were initially depressed but returned to
control levels (Fig. 4a). In captan cystic fagall bers were reduced
dp&ﬁcmdyh:iunemdﬁugun(ﬁs,ib}wﬁnmduﬂmnmmmel
bal bers were reduced untll Jupe in the 0-5 em depth, but then were the sxme
a5 control numbers. Only an initial reduction of bal bers in the lower depth and
noeﬂ‘eﬂmwﬂi:mneb.ewuobammd(ﬁg.&n.b}ﬂﬁnunmhmmmﬂmﬁ

capten,
mgmmmnamnymamw—sm)wmm(s—mmunm
roWbynrmrnmmwmcwﬁ:l@mnmbﬂsmminlmm
Amwmtfmmnﬂummmmhmdmmhmnh
(Fm&nb)TMmMehms—lﬂmdcpﬁmmﬂmhuw
manner from the control (Fig. 5b). Cystic amoebal pumbers tended to be lower, aithough
not always significantly, indicating that more bas were active in this trestment. Ciliate
numbers also tended to fluctuate closs 1o control numbers.
mdidmtanmnngdlmenmmdmﬁmdwqﬁc(ﬁpub).hﬂmd
m:imnehdnumhmhhpilh:th:ﬂdemupd:mmmhhs—m
mmm&mmwmhmmmmmmﬂum
(Fig. 54, b). In the 05 cm, total ciliste bers were geat from is on two dates
mu.tmraubw.mmmmdm(mmhm.m1mwm
2800 as oppased to thirty-two in controls, in August.
mmmmmwmmwﬁmwm&hummmﬁ
total bul numbers fi d in an opposite menner than obeerved in controls

Gi:.ﬁ;b}@ﬁnamoﬁdnmnhmmwmm:mw!hmw
June the bae were probably all 4 Tn the lower soll depth, cygon pencrally
reduced total amocbeal numbers (Fig. 5b), so that the popul jor was probably ail d
here also, Ciliates were generally not affected by cygon

Nemaitodes
o bers were not affected by PCNB.
In carboft & bers were significantly reduced in both the
Hmmmylummmmmmmrmmmma
blmmmnmmmbdmm-mmmmunﬁdﬁm-m
bacterinl-feeding des s g P ‘—‘;.Byuq.bumu.mmmfe’u
bacterial-feeding des than le; this inued to be so throughoot the rest of
ﬂmmﬂuﬁmbﬂdw-mw ing nematodes were reduced only on the
last three sample dates.
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stode mumbers were genscally reduced by cygon application (Fig. 68, b), especially
.wmammmw«ﬁew

Nemutode mumbers were i d in strep i tments in My, June and
" Detober & the 0-5 cm depth (Fig, 6a). In the 5-10 cm depth, increeses occursed in July
ummmummwnmwmmmmm-
B e wa it pactce e oo ey
, everss was troe increased foeders ponded to
mwwmmmmhh&smdmhm
ﬁhﬂthuﬂﬁwhhi-lﬂuMmeﬁﬁhmdﬁﬁw
W_ﬂﬁdMMhmdq&l_ increased in captan treatments (Fig. 68, b), and most
of these increases occurred in des. The in the
uﬂdhm.um-mmuuwwmmnm

Microarthropods
Microsrtiropod numbers were highly variabl usually in the range of zero to twenty for
w-ammmummmmnmﬁmmm
significant differences between treatments.

Soil N and P
umdnwm;-uhmo-smmwumwm«mm
depths (Fig. Tb) akthough in the 5—10 cm depth, the increxscs later in the summer were
mummauwummmmahmwm
gemerally foctuated in an opposite manner from the control

C'qthﬁnanOi-NwN‘Et-N.mjumW(&nnmﬂ:dn)
increased soil P, by 13 gg (43 pg 2a opposed to 30 pg in the control) in the upper depth
and by 8 g5 (12 g in control) in the lower depth.

PCNB dacreased NO;-N twice during the summer in the 0-5 cm depth (Fig. 7a) while
NE{-N and P, were not changed in either depth.

Carbofursn incressed NO;-N initially followed by & decrease in May, but no further
effects observed after these dates in either depth (Fig. 7a). The increase in NOF-N
cormesponded to the two dates that bacterial-feeding nematodes and amoebae were
increassd. Ammonium-N and P were not affected by carbofuran,

Cypon decreased NO7-N in May and then increased both NO7-N end NH{-N in June
asd Joly in the upper depth (Fig. 78) with generally similar effects in the lower depth.
Incrganic P was increased from the control everage 25-40 gg g soll in July and October
in the 0-5 cn depth and was increased in Augnst and September from the control average
of 9-17 g ¢~ soil in the lower dopth.

Pilant roots
Plant root eagth was not affected by any biocide treatment (se¢ Ingham ef al. 1986).

I Plants shoots, N and P

Streptomycin, after m initial lng in June, increased live shoot dry weight from July to
October (Fig. E) and the proportion of N from My to September (Fig. 9) but did not affect
‘P concentration in Eve shoots, In captan treatments, Eve shoot dry weight, percentage of N

eI
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Fio &,

Live shcois ory weight {g)

0-25)

Mitrosgen in lrve Ahosts (%)

Fios B & 9. Responest of plant compencets per cylinder siace eros (78-5 =) to smcmel

changes (§——@) or bioside applications: Symbols & in Figs. 1-7. Biocide respoase poits

are shown orily when sigaificarctly different {F € 0-05) from costrol veloes and wre comecicd
‘when they wers significently differset from controls for consecytive sammpic dates.

and P, in five shoots was not differeat from is. PCNB = had d plant
shoot N in Mxy und October (Fig 9) but not live shoot weight or shoot P, concentration.
Live shoot weights were | d in carbofi in April, July, August, and
Sepmbc{ﬁ;!}.umﬂnp-wdﬁhhuuhhm(ﬂ&?lhbdua?
in shoots was observed. Phosphorus concentration in plent shoots was not affecesd by
cyson, but cygon did reduce live shoot weight (Fig. 8) from June ooward and the
percentage of N in live shoots that did occur was increased (Fig. )




wherr oaly initisl transent effects oo noo-target orgaciams and long-lerm
effiacts o tarpe orgamisms wers Observed (Ingham & Coleran 1984) (Table 2).

Blocides probably had Etue offect in Apedl and May because of 1 general reduction in
Miological activity caused by the cold, dry her, As 2 rule, bocides more effectivel;
sediuce active than inactive orgmisms (Hill & Wright 1978). For cxample, streptomycin
fnkibity runsfer-RNA function and thus pr formstion, leading to bacterial
demh Active organisms are more Hkely o be killed by this type of inhibition than dormant
omes. Thes, distinguishing direct from indirect biocide effects Is more difficuit in the feld
—hmuﬁ-&m&mmynmmmﬂmmm
ﬁhhﬂhhm&muhﬂﬂﬁﬂmﬂhmwﬁm
woeld begin.

AZ Sve biocides contimoed to have sffects on some, and usually several, populasions for
.m-uwmhmmmmmma-uwm
target gromp could be measared, the system did not return to control levels. Two sxamples
of this are {{) streptomycin did not roduce total b ial populstions intially or inoe to
affect vishle populstions afier May, yet continued to improve plant growth end %N in
shoots, and chamges in N cycing were obssrved; (5) PONB did not reduce VAM fimgal
ifection, bet total and sctive ssprophytic hyphal lengths wers reducod.

‘_.b“ﬁhum isms were 4 based on prefiminary

(@) The bactericide, streptomyrin, did not reduce the entire bacterial population but
sppesred o decrense only 2 small portion, those bacteria that nitrify smmonia. Use of
eptomycin to remove bacterial populations to quantify fungal respiration is questionable.
Chang=s in bact=xisl- and fungal-feeding pred: both pr and -
m'?"lm""‘mmmhmmwm&mm

* " () Caguan reduced a portion of is target popaletion and sppesrsd o chaoge fungal
e e T in fungal populations later in the summer were the result of

-

e Efez = = prosp Effect o= oz virget grosp
oo ittt decreses ool basssria;

decrease viable basseria et g,
g Dezmas acsive ead vinbls fong
2 fm ki s )
e Tedrisd {zerease active Fing sod viable
W_- Mesmarmrenedrs W“'“mmy._.
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(ﬁnma.ummvmmal"‘ t active wrt " T
hyphﬂhq:htwnmdwadwmofﬂxm.md.ununhdmdN
ManamwN‘ sl =nd pubsequently i

ranges. No other effect of d fungal pop on P o wes

3 sl > i risl wnd
Carbofuran effectively reduced de pop

Mﬁﬂ bal and ciliste populations to jvely, as predicied by the model.

ummwmucrpa:dn:mkdmtupﬁ:m“m
mmmmm::mummmm
mmvmmmmwnmhm
Amhﬁcﬁmwuﬁm“ﬂ!&ﬂnﬂ?h&m?ﬂfwvmw
mmﬁhhdm&dhmmmﬂm# .

[!)Cymhlmmmﬂﬂmmﬂm
mmmm:wmbmwmmmu
this was not observed in the field experiment.

Probably umgumdmwmdmm-umn

¥ =P
are not affected by streptomysin mmqu?m‘ Imm.m
mmmmmmm' of the bactzrial popTlAton.

medbnkd'mwmgmu‘mw
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See wreptoerycin (see Tabie | for N added in sreptomycin) 20t fro=

hh—-mdﬁhm-ﬂ-n“dhmﬂ_ﬂ
shesrved £ sregtozyce testments  However, the e
*’ﬂlﬂﬂlhﬂd-ﬂﬂhﬂmﬂdﬂwz
.ﬂ““#ﬁ“n“w“ﬁﬁlmﬂ
nhﬁ-muwaummmuswm
u“-._hﬁmmwmmﬂ
omﬂﬂhm“uuwm

probably censed improved powts This isdicates thae Fz= m
h—h-ﬂﬂd-—,ﬂmwhmﬁwﬂﬁ

sl dati peration dd mot

Demsca (1976) for removal of the weal b This
aduce beceeria in micoocosm ofs (lagham & Coleman 1984) bt 3 T8 8
wii 6d mlt T reduced However, this hgher coscestration did not
“m“m:twmm-ﬂmﬂum

mest of bacterinl versss fomgal respi = ol by D remove
=T = (1qﬁnﬂwﬁmnﬁ-ﬁm

Hhﬂwmmuﬁﬂdw promyc app

ment of mespirasion Solowing wouid have "—‘lwm

of becwrisl respiration. In e past, oo of toy techeiqre for fumgal
hdhuu&muhﬂmmmmﬂmhb
passiend sof (Nakas & Kisin 1980). This seadfy indicates that their conciasion =2y bave
‘e mamproorime.

- fngicide—copeon
A single feagickde rerely affocts o fargd bt tezds © redocs otein groaps of feagh The
ssprophysic fengicide, captan, decressed totsl byphae, Dt the effects oo active hyphas
were Bt comsisten:. A chergr i gl species coomposition: following capuan appEcation
was obesrved a3 & eerfier wudies (Farley & Loci 1968, 1969). Bacteria that degrade

Foogal-feoding memacndes snd wites did oot experionce & decrease in Sood suppiy and did
ot decrease in smmbers or activicy.
The mcrmmsc in bactera resultsd i & DoTease in becterisi freding perustodes, s

nmmmh-«semmmﬂwmm
—izh-rﬂdwtwmmmnaﬂh
it :

c_hwmmmvmw;mu*wcw
“uﬂd&mm@wadmmm
ﬂdﬂﬂnhwarm;gmvmm,w{”
et § i ot i roots have aiso been cbeerved
“mmwﬁ-ﬂmﬂwmmmmvm
Semgal imfection, ahough & decresse in fungal plant pathogens i another posble rovit
| Fofiowing captac spplicatice.

L e "-1- .
& e G W
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VAM Infection-recacer—PCNE
The effect of recocng VAM oe N cycling shoeld be a decresss in plase N aad P. These
mm#:mhmmmhmmmrm.w
wmmmm1mdwummM
N aod P levels ic 5o &t periodic intervals.
m?mmmmmmmwmmm.
w3 2550 observed = profiminery trisls (Table 2) and by other researcheny (Furley &
Lockwood 1968, 1969; Wainwright & Pegh 1574), whick bdicates cither reduction =
sompetition from furgl, allowing morsased mbstrate os= by bacteria, o thar PONE =an be
nodnan.wmw;m‘n:ra.mw:ﬂmw Txy have resuing in
= - iocs that woe Sl o be
mmwﬁ,mm
mgn}mm“vlmmmmm—mmw
leagthy were rediced, & direct effect of PCNB on fSmgh; and these redoctions continped
mpummmmwmmﬂuwumﬂu
sxpected for capeae but oo effects on ‘==:rL ware
obscrved. Lack of effect of fungal reductions on pred mpeting prowps cookd
mdﬂsmdmp.?mmpdmmhnmhmmm@n
wm(&dew:hﬂnciiMmm
furgi are not important food P This ypothesis is sepported by e
hrmmdwm(ln-mmmﬁm-&-hmrmnh
system=, which together are cnly one half io one third the density of the bacterial feuding

sematodes (40-50 ' sl This ind that bactecis xre the domi :
PCNB c&d 2ot appear 1o & porive ark i 2 I e,
i bas becs reported w G Tyeoernizy | =s:'lll=l1¢w:19"8u=p.

Jm&mzs‘mmm“ fungal

d) was iy low, hmt;%mmyz‘idwtmb;:hn
cantral throughout the sommer. Reduction of low poccoiages b difcut
parccragz of thox N was decressed on two dates. Incressed immobiizasion by becwria
was probably ot responsible for the sptake of the N & place of the piarts, #s 2o boesse
in bacterisl gumbers was observed One expiscetion for rednced N is plests withost
decreasing any groop except the fungi & that fong themmeives were responsiie for N
minerafization. Reduction in active aad total hyphar by PCNB recooed mineraiiresion by
ﬁ:pmmﬁmﬁmN;rdﬁ:m&mmm&uwwh
the numerically d our. fungi may have contribeted mors
mkm&ﬂy&mmmmhﬂﬂmhpﬂ

Nemaricide—coriofuran

Nemticides recuce ai types of permmiocdes—bacterial, fmgal and plas-feodng —end
ﬁwnwh“mﬂnwpmmmnﬂhihm
LL prey p
mwﬂmMﬂMMmm-ﬁmM
sampis (June in lower depths). Exrthworms, which can be recdaced by carbofures (Mart
1975), are oot presest im this somi-anid pramisnd except o rare stresm-bec mEm
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‘Sion, Alln & Campion (1981), working in the same semi-arid grassiand, found no
| in shoots following carbofuran treatment, but root biomass did increase, most
“hummamhﬁgm
hw:mmmmwmmlmwﬂ-mwm

to our | model. B:
Hm(ﬁﬂummmmmm&ummy
becanse curbofiran can be ntilized as a carbon source (Fox 1983). In July, bacterial
*mmhmmuﬁm‘ulnﬁﬂmmwupmhwm
result of decreased preciation by bers did not conth
Bowever, becsuse amocbal and cilists sumbers increased in August and September,

Increased total and sctive hyphal lengths were expectsd because of d i pred:
wmm“mmmﬁnmwmmmumm
soted o Angust and . Purthermore, no numerical increase in fungal-feeding
*ummmmmmmmwmmcnm
memfmﬁnﬂ&drm

Sigmificamt

in my oot ization (up to 15% in July) ocourred in

mmm:mmm&hmhnmfwmhohm&nﬁm.
raduction in fungal-feeding pop ¥ on the VAM
fimgi and allowed more colonization to occur, indi muﬂ.' jon should be
Whﬁmmmmmmmmmm
reduced, fewer roots wers destroyed, leaving more sites for initiation of VAM coloni
muwmmwmmmmwm
pete with or inhibit YAM fungi or the colonization
mMmWWMmISKqu}y,ndmppeﬂ
0 4-5% in Aogust. Arbuscular colonization did not remain sctive for long periods of time.
The higher total percentage colonization observed Iater in the year was Fkely & curmulative
result of many transient colonization events, &s also observed by Allen (1983),
Carbofuran treatment resulted in increased Eve shoot weight through the growing
mﬂhmthﬁmwnMWmdmmw

piat-feeding nctivity y d to i S

the incressed VAM fungal colonization may heve impraved the proy oo oty
mm&mmmnmmawwmmm.mh
d, since no ch In soil i jc N were me: i mﬂinl

MhNoinh*ﬂ“ﬂW(ﬁ&?l}hwﬁmum e
by auxi (g crobial bi by them was decreased,
fhre was 30 et o ncgais N, bk o 8 pensatory effect of -increased

ﬂ?ﬂ-‘_m

between microbes and predatars in the $~10 cm depth were more similac
nmmmﬁmmmummmmﬂmt and
y, fizigal and ppeared to be similar to the cyclical

mmhumﬂhmoﬂ‘mw&mmmamm
(= Tabie 2). Increased VAM fungal wlmuﬂonwu-bomwmhwm

Acaricide—cygon
wm“mm ing paichy distribotion oo the

mm&udmmnmm
thiz varisbility and low rumbers. was ifficult 0 detoct bocause of
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Further complications arose because cygon had a direct effect on plant growth. In
serile-plant trish, cygon reducsd plant shoot weight, root length and vigour (Ingham &
Coleman 1984). Becausc this offect was more pronounced in enclosed plant growth
chambers than in the Seld cxperiment, it can be concluded that a volatile factor was toxic to
the plants. The carrier for cygon is an aromatic petroleum soivent and possibly could be
the toxic agent. Therefore, we cannot recommend the use of cygon for the removal of
microarthropods because of its non-target group effects.

Biotic interactions
Biocides can be used to remove or reduce microbial ilations in natural s
mdﬁnﬂmoﬂhmmavmnnlymﬁmchmmhcbmw.:@y removal of
one predstor allowed a second pred to § - of microt

resulted in the increase of tolerant or resistant organisms. Since bacteria and fungi perform
many diverse enzymatic fonctions, sttack diverse substrates, and exist in a wide range of
physiologicel states, it is not Hkely that one biocide (Le. streptomycin) can remove &
mmmcrmmmnm.mwumﬂwg

of the t oti'unul.. i mu'ldbeau_medrl’ﬂgmuéﬂcm
Mnﬁd&ythebmdghh\m; iNery exy must be ¢
determine the exact effect. T e Ey
Dmumm;mhdwwmm __oocmu:ne
food-chain length and Yy, both posedly d forces in food-chein
structure, the trophic structure was not di d snd wes kably resilient. Further
experiments using these removal techniques could be designed Lo rig Iy test these
mdmmmm
1t is imp o ! dery producti dutor bi 25 well as primary

pmdncﬂca.hddu‘mmmsbmmnlmmfnuﬂmpoﬂmmmdnmmmlhh
mmmmmmnm(mmmmm
bofuran) indicated that the sonsl concept that fungi are the dominant microbe in
msmwummwwhmmmmm
with those in otber systems (see fungal-predstor intersction discussion) Second,
comparison of the stending crop or total fimgal Aiomazs with total becterial biomass gives
values of 240 ug fungal biomess g~ soil and 385 pg bactéxial biomass g soil. However,
bacterial-fesding nematodes (200 g~! soil op average) were at least double the mumber of
rmp&mdphmimmmmmUDOr‘wmAmn;amoﬂrmﬁ-
w4phm{mnmmdﬁ(&ﬂmghlmpamdwmmwlﬂmmof
0-19 g fangal biomass d~' per nematode and 0-38 pg b ial bi 4~ per
mt-?n;o’fu&dmﬂﬁmdbmdbwmn.mmmhmﬂ.
consumed by nematodes sach day. Coosider further that the protozoan hiomass
consumed, on sversge (calculation not shown), 40 pg of bacteria dY, while the fow
mfmmmmmmmuwmdﬂ With thess
total b al bi would have been 501 g5 g soil, while total fungal
bmmmdmmzssn:"ﬁmmmm:Iymm

Th&d.red.unhmnpopnlmnmwlﬂ:hmmhmh tted in eigmificant i in
bacteria and mmbumd‘hucdﬂmw.
rad.nd:buinl'lm!ll = was not refiected in @ d hyphal lengths
( ‘md duction in hyphal leagths did not affect fungal predstor

bers (PCNB ). This: indi Mdﬁ:fmﬂlmdﬁmlml

jal p populstion. Finally, some previ fhat sopported the
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ANDY

Natural R, sw&mc' y and of Zoology,
Mmmr«um‘mnmm
Abstroct.  The most Fystem ibuted 1o microf aema-
sk ) i the i T are s mmmawwm
increased N and P mineral-

3 CO, svolution,
mmm
-h, : h -m:.mmmmﬁmemawmu
mutrient cycling, plant growth,

ﬂ-_whmmmmwmmm-ﬂmkd ‘the thizosphere.

for the minerali ol £

responsible - cycles )

sanic nutrients from their

5 lization & bilized fiorms in sail
pbeomens of £ . in mmhw:w4
sutzient-cycling processes, the soil mi- 1977). Tb I f o

mhriﬂtmunm toa

generally
N --m&mlmuwﬂmmmm
le soil nutrien:
(Gosz 1981, Van Cleve and 4 Alexander 1981) or, n:
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diu b h a soil microb P (Metillo

1931) hdymdxmmdhmﬂmd

v-""'"
e

firmed by Doyle and Harding (1937), who found they
most of the bacterial sitrogen ingestad by the ciliase

luded in the 'J-—v-—
mmmmmdmm(wm
mansee et al. 1981, Coleman ot al. 1983), Evidence is
mmmmmmmhw

Gla ¥p. wa3 excresed as ammonis by 6 b afier
ingestion. A similar “regenenation™ of phosgboras by
m““hm-‘mnﬂq
Mmmtlmwuu

sponsible for a significant partion of the
previously attributed to micrafiors. Since mineraliza-
tion is a key process in supplying nitrogen and other
nutrients for plant growth in terrestrial

orpanic matier de-
mmmmmd—uu
mmwhhﬂ&iﬂﬂm
reached a similar conclusion for

e bacterial-feerling
ﬂ“ﬂmm

(Alexander 1977, Marion et 2l 1981), it is imp

‘o understand the roles of all organisms involved in

this process, the interactions that may oocur betwesn
The present study pursues carlier observations, as

mwwudbmeuanhm(lm).mMm

strated tha! becteria do pot always direcdy minecalirs
mmmmnﬂhm
are released at an accelerated ruiz when the microbial
population is grazed. B @ 2l (1974) chwerved
increases in gross mineratization of P in hacterial tregs-
ments grazed by protozos a8 compared 1 those with.

m(lS?S}umdududthnuﬂIﬁvdym.lﬂ
mmpmlmyhamnmﬂmt:&:tmm
lﬂmbahlvmr particularly nutrient cycling. These
have been extensively re-
v&mdl’urrnm(momlﬂs 1980), enchywrasids
(Standen 1978), and soil microarthropods (Seastedt
1984).

Previous studies of biotic interactions in the thiro-
sphere have been more descriptive than analytical (g,
review by Clark 1949, Head 1570, Coleman 1976). It

Bacteria can also act as nutrient sioks in sodls. With
increasing additions of glucose, more inorganic phos-
phorus (P) was immobilized by bacieria, aad, st the
end of 160 b, there was no act minenlizstion of P
(Eliott et al. 197%5). Coleman et al (1977) found that
aimost all soil NH, *-N, snd 40% of the initisl P, were
immobilized 21 & after inoculation of bacteriz im0
gincose-smended sierile soils. When sitheramochesor
mwm-mwawu
the nearly afl of the immobilized N was

is now important 1o conduct studies on the distributi
ard abundance of microbes and the faonz feeding on
of growing plant roots. This paper reports on interac-
mmwmmwhﬁ-
ot A
'Ihohimvud‘:hhmvdymwnﬁilt
1) To propose and a otual model in
mmmwwmpmmmw
idered as
mwmnwwm
in the Hterature,
2) To examine the §
wmmmmummmndh-
ilability and

phmpuwih.
Effects of microbial grazers on
muarient cyciing

Ilh:!nnsbeubm@nﬂuuﬁnlm§

remineralized, while less thas oos-third of the
NH,*-N was 4 in the with bacter
mmu&mmnmm
alized in the bacveris-and thas i
citherthe with b ia alooe or the i
ind-amochas Teatment In a similer stady, more N

mm-m--nhnw

than in s

tecia alooe, 2 with des and -
or one with pematodss, emoebae, and bacesria (Woods
unlmnummm
mw < 2

tired th of P,in ded sculs,
while in gincose-amended soils, only the amosbae-plus-

of P, (Cole et al. 1578). Mineralization of N in chitin-
smended soils bas alsc been found to be greater in
i iy des and ia than
in with only iz or with b ia and

the activities of
ler and Crump (1929) reporied that amochae stimu-
lated CO, production in sand with mineral amend-
ments, It wes found by de Telegdy-Kovats (1932) that
docreasing the substrate N ratio in the presence of

protozoa causes i in 0O, prod jon. In sand
T the pr of app d ta it
the rate of duction in bacterial

mumm 1930). This was con-

(Gould et al. 1981, Trofymow and Coleman
1982).

Increases in the mate of substrate utilization by bec-
mhmmd&yﬂadmhwham
strated by i Abmms
mmﬂ(l?ﬁﬂ)kmdmmmhﬁw
scwage sindge to be 1.8-2.5 times gremter in the pees-
ence of nematodes and bacteria than with becteria alone.
Similarly, more “C-labeled ghicose was respired is




teria, and soil glycol-C in the grazed systems was re-
. duced to 40% of that in the ungrazed system in 10d
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growth of soil fungi has been lietle studied, but sppcars
to bevariable and to depend on the species of fungus
and perhaps the species of nemafode. Mankau and
gankay (1963) d 18 specics of fungl as food

(Anderson ot al. 1981a), In soils of celfulose- and chi-
tin-amended microcosms, significantly mare NH,*-N
appeared and more chitin and cellulose decomposed
with microbi present than with oaly
‘bacteria (Trofymow et al. 1983).

Geazing of bacteria by nematodes has also been shown
10 affect the allocation of substrate C by the soil bio-
P e\ oy weer 000

mmﬂ:rmkmhwamnmw.uuw‘ in
the resulting classification from

m:wmumm}msﬁéduoﬂm the

7 rapidly and overg h;—‘-fﬁm

slowing or stopping byphal growth in of the
ﬂwm Similarly, Wasilewska ot el (1975)
found that inhibition of fungal growth due to con-
jon by A. avenae resulted in a 32-52% reduction

in those with bacteria alone and Coleman
1977, Coleman ot al. 1977, 1978, Anderson etal. 1978,
1979, 1981a, Trofymow et al. 1983).

Very little is known about the effects of fungal-feed-
ing nematodes on nutrient cycling processes in soils.
In cellulose- d N mioeralization by

mow and Coleman 1982). However, in a second ex-
: - s 3N mineraliztion and

hd;ybiomsoi‘)dﬂmm tenuis. The response of
wmwmmquammmpwmm
nutrient concentrations as well as on grazing intensity.
Hanlon (1981) observed an increase in fongal respi-
ration of ks much as 100% when fungi grown in a high-
nutrient regime were grazed by Collembola. However,
1o change in respiration was observed for grazed fungi
rown in low nntrient concentrations. Lo addition, while
moderaie densities of Collembola increased fungal res-

400, evalution (C of caliul

iration, high densities did not, suggesting an apparent
: e : hich §

X igin) by F. axyop
in soils amended with celluloss and chitin (Trofymow

ctal 1983)

ETRZINE d as avail-
able nutrients increased.

Effects of microbial grazers on
Effects of microbial grazers on plant growth

microgrganisms A of high and low
The effects of bacterial-feeding nematodes on mi-  |rates, microbial grazers release a considerable amount
crobial lations in soils 1o be yariable. |of nutrients that may then be available s & source of
Boucher and Chumroux (1976) found perallel growt ients for plants (Anderson et al. 19815). This may
’ marine des and ¢ is in the mate of tarnover of mineral nutrients and
mnd A similar relationship t eoil [serve a system Iating function by i ing pri-

nematodes and scil bacterin was observed by Banage  |mary production. The rosp of plants to i

- &nd Visser (1964) in bush soils of Ugands, and by |dynamics mediated fiunal grazers has been only

Freckman and Manlgu (1977) in desert soils. Santos
ctal. (1981), Sentos and Whitford (1981), Elkins and
‘Whikioed (1982), and Whitford ctal. (1982) found that
when basteriophagi were rel from
are by the l of predatory mites

bricfly investigated. ElHott et al (1979) grew blue
grama seedlings in soil with bacteria and with or with-
lout amoebae, under three levels of nitrogen fertiliza-
[tion. At the medium- and high-N levels, there was
150-100% more net mineralization of organic N es

were  (INH,*-N with amoebae than without, end atall N levels

M:N wﬁu::mﬁnmmﬂmmuy higher with

Trm CONCEPTUAL MOBEL AND THE GENERAL
EXPERIMENTAL Design
Based on previous work of ourselves and others, we
.m"ﬁmmmﬁnmummﬁw
mi}‘in A 0il autotroph-heterotroph system con-

i (non-nitrifying) and/or fungl, nema-
fode grazers of bacteria or fungi, and plants to oocur
is disgrmmmed in Fig. 1. The state variables are rep-
feseated by X\, and include levels of N and P in each
pfthe following: detritus, plants, inorganic forms (NH,
FO.*~), fumigl, basterin, fingal-feeding nematodos, and

I . e —
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'FUNGAL-FEEDING BACTERIAL-FEEDING
NEMATODE NEMATODE
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Fio, 1. G ] model i ing § fiows in
& plani-soil system with bacteria, fungi, and their sematods
razeTs.

By 1al-feedi d
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\-'ulss.n:",
‘The design for the 1ed 4 fted ot
cight &1 uni i I () m sterile
plant control (p); bacteria and fungus (5); bacteria,
fungus, a0d mycophagous nematodes (Bfnd; plant end
bacteria (pb); plant, becteria, and fimgus (phfJ; plans,
t iz, and bacterd d and

(phm),
plant, bacteria, fungus, and mycophagons nemstodes
(phfng. Each treatment was five times, with
five sample dates: 7, 21, 49, 77, and 105 & after in-

of microfiora. Data collected included shoot
and root bi rhirospt and hizotph
counts of bacteria, fungi, and pemstodes; and soil
NH.*+N, sail P, and shoot-N and -P concentrations.

Predictions and treatment contrasts

The freatments in the experiments outlined sbove
were used 1o test the following hypotheses and predic-
tinns relating to the modsd in Fig. 1.

1) In/nutrient-limiting soil, fungi (x,) or bacteria (x;)
providd additional 4 Soods (o) He it
uptake (F,,) by mineralization of organic N and P (F,,
and Fy ). Thus, plants (x,) grown in soil with micofiora
will grgw faster and/or contain more N end P than
those grown in sterile soil. (Relevimt trestment com-

represented by F,, where {repr
the flow is coming from and  represents the staw vari-
able the flow is going 10, Coatrols on flows are repre-
sented by C,, where { is the controlling state variable
and / is the state variable whose input is being con-
trolled.

The current study examines the interactions of the
biota represented in the model in order to substantists
previous observations under more rigorously con-
trolled conditions and with s more compiex assem-
blage of organi including plants, Nitrogen and
phospl i fzati d in two model
so0il systems, one in which scil was unamended and
one in which chitin was used s a representative or-
ganic-N substrate, Bacteria, fungi, and nematode graz-
ers of these microflora were chosen from isolutes to
represent functional groups (Coleman 1976) operating
in patural soil systems. Blue grama grass, Boutelous
gracilis (H.B.K.) Griffiths, was used as 2 test plant.

traste p ve. pl; p vi. gf)
Flows in the model are  2) Mineralization by fungi (Fe,) will be greater than
the swte variable  that by bacteria (Fy). (T1 pbw. pf;
b ve. plif) = 4 e
3) Fungal-feeding {x) or ﬁ

mmm}w&mld’m
nutrients (x,) svailshie for plant uptake (Fy,) by ex-
creting microbial-immobilized N as NH, *-N waste Fyy
and Fij) and by incressing microbial activity, which
results jn & positive feedback control (G, znd C.u) on
decomposition (F;,) and further mineralization by fon-
i (Fo){and bacteria (Fy). Therefore, plants (x,) will
grow ftster and/or coutuin more N and P when mi-
crobialifeeding nematodes are present than when they
are not, (Treatment contrasts: pf ve. pfng phf ve. pbffg
b vs. pbn,) e

4) Bacterial-feding nematodes will incrosse min-
craliration by bacteria G:melpw_m‘. m
fungal-feeding d i
by fungl (Fik (Treatment contrasts: pbe, va. pfng pbn,
va. phfs.)

Experimental designs MATERIALS AND METHODS
The design for the ded expert isted isolarion and g of
of six treatments: a sterile plant control (p); plant and unmﬂmm.dhmmm
bacteria (ph), plant, bacteria, and ioph isol ﬁomtml &mtl:e?twma}&'lm
mmmmlmwmﬁﬁnm r'&n d m;:...:‘ C quhef\:nc:;:
and mycophagous nematodes (nfrd; L, b iz in P "“‘“ﬁ“.
ﬂw:h' iophag des, and Phags hudﬁmwﬂmmmﬂfar._mm::qmut
Sniacen (P, Be was replicated five  bactesitm Preud paucimobilis in the uns-
times and sampled once after 40 d. Data collected in- d i was isolated from the roots of biue

cluded shoot and oot biomass, soil bacterial and
nematode numbers, soil NH,*-N and biearbonate-ex-
tractable phosphorus (P).

grama using the root-washing tecbaique of Louw and
Webley (1959), then cultured on nutrient agar, Afor-
tierella sp. and P. paucimobilis were not used in the




— i —— — - T———

roslty wousd
viaat also incinded bacteria aod fungi (Trofymow et ol
1583).

Aphelenchus avenae (fongal feeden) i this sudy was
-ﬂn—nmwdm
Riverside, and Pelodera ip. and Acrobeioides 5. (bac-
terial fooders) were isclated from Prwnee soil Aphe-
lencizy cvence was cultored on plates conmining 1 7%
wm‘t&wndlpwemmd
F. cxymponam, while sp. and Peloders sp.

comms were amended with 3.38 gm of ball-milled pusr-
ified crusacean chitin (.24 g chitin-I¥) (Gould et al.
1981). An N-free Hoagland's solution was added after
the first putoclaving. The soil was then thoroughly mixed
before the second wettng.

Inoculation of microcosms
Tmmmmhummﬁsd
sndy received 1.25 % 10° cells/g of soil, and fungal
umﬂ-u'einomhkdﬂﬂa]an‘l’lmm-
trated and blended suspension of the fungns. Io the
ded ‘bacterial were inoc-

wot grown on agar piaies ining & il
sciction, with nutrients (Herzberg ot ol 1578) with &
paze cultare of P. peucimobilis ar F. shutzer, respec-
tively, &3 & food source.

Plasss were prepared in the following feshion. Seedh
of tiue grama, Bostelowa grocilis (HAK) Grifiths,

alated with 1.5 % 10% cells/g of soil, and fungal treat-
e ety

mesnts received 2 =

wmw.sw.d-ﬁammw
in both experiments were diluted with dilote mineral
salt medinm (MSM) before moculstion; uninoculeted

: wers warface stesilized for 15 min in 15% %0

d £n squel of sterile MSM.
Phants (three seedlings per microcosm) were added
Fﬁedtydknmhﬁm:{mmnﬂa@ar?dlﬁn’

g,
Inthe ded i with bac-
serial-feeders were inoculated with Acrobeloides sp. (2

3 egas, 2-3 juveniies and adults per gram of soil), while
trestments containing fungal feeders were inoculated
with 7.0 juvenils or sdalt A. awenae per gam of soil.
Aﬂuqmdumaﬁdlodmsnﬁﬂimdphm

oom
€00zl Berreliog beakens with wethase-foam collans
and with gass Petri dishes as covers (Ingham aod Tro-
fiymow 1579, Trofymow et al. 1980). The original de-
wign was modified by drilling & 7-8 =m bole in the
giess cover aod guing & 2.5-cm Jength of 5 mm G-
amcter giass tubing into the hole with silicane sealant.
To maintsin sterility, the exterior end of the glass tub-
ing was fisied with & rebber serum cap for walering the

end in the ded
P #-10 egzs and 34 juveniles and
sdults por gram of soil (Pelodera sp.) or 3-10 §

and adults per gram of sofl (4. avenae).

In the ded study, m were kept in
& growth chamber, whils for the dad §
plast were maintaioed in 8 54-m* walk.

in microbiologically “clean™ room, in which condi-
tivned xir was recycled through HEPA (high efficiency
particulatefres airy absolute filter (>0.3 pm) symems.
o don (Agro-lite f lamps) was st an
imezaity of 400 uE-m"2-3~" at the inside of the mi.

micrmeosm via syrings.

Treatments without plasts (“nonplant micro.
cosms™) ueed ks
na:“'-m_ui.um

Inthe dect M

MNoup were kept in an in-
cubator xt the sume diurnal temperature regime as the
plant microcosms (30° day/22* night). Seil moisture in
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Vel 35,

plant mi was maintsined b 70 and 40 fiter, the extract was exalyzed for P taing & ol
100% of fieid capacity by gravimetrically addingsterile  arimetric twchnigue (Oleca ot al. 1954).

de water. } ¢id pot re- Incrganic-N analyses (NH,*-N sad NO,~-N) were
Quire addition of water after the final inoculath ined by ing 4 g of soil with 40 mL of 2.0

During the chitin ded exper P smwreri moll KO The solution was shakes for 30 min and
(5) and P. stutzeri plus Pelodera sp. (bry) Sltered wgh & Whermes smmber 1 filter. Ammo-

were also attempied, but P stutzeri failed o purvive nimm-N concestrations were thes acaiyzed o8 &
in cither of the two sttzmpts to inoculxte the bacteria  Technicon Awso Analyzer | by s modiication of the
inw sterile soil methods of Searcy et al. (1967) and Pym snd Milkerm
I (1576). Nitzie-N levely were tped from the

Sampling of microcosms KO extract by reducing the NO;~ 10 NO,~ and mes-
Checks for sierility were made on sampie dates by suring the NO,~ conceotaztion, & revision of the =ch-
spreading =] g of the mizsd soil oo ouiricnt agar.  mique of Henriisen and Scimer.Olsen (1970)
These plates were incubated for | wi and checked for Plaxt tissoe N god P wee desermined on plest -
bactzrial or fungal growth, ples pound in a Wikey mill and digested with
Al mmpling dates, plants were carcfully removed  H,SO-H,O; (Thomss =t ol 1967). Nitrogen conoen-
and roots with adhering riizosphere soil (soil 24 mz=  Uatico was d ined colors 122"y by 1 2o
from the root surface [Beonett and Lynch 1981, Mar-  assay for NEL*-N (Pym 2ad Milhem 1576), and e
tens 1982]) were placed in 99 mL of 0.9% Na(l. Shoots sscortnc acd redoction was ased 1o asey for P (M-
were clipped at the bese of the gown, drisd st 65, and  phy and Riley 1562).

ighed. From the soil, lots of =] g were Statistical smalyses include ANOVA md Tulsy's
taken for sodl i d Inxth b inl pixt- B sty i diference (HED) mess sepuration
ing, and fungal when sppropriate. Nems. um&iﬁl}mWAﬂuﬂiﬁna—

todes were extracied from § g soil in modified Baer- T isted of frve replicases % six
mann fonnels (Anderson and Coleman 1977). Total trestments and had 15 degrees of freedom. In the
bypbal lengths were cstimated by teking | mL from & amendsd stady, three ANOVA modely wers msed The
dilution of 1 g soil in 9 mL MSM, staining with 0.5 fm ined caly - LeC AT
ml. phenolic aniline bine, adding 1 mL sgar, and ob- f{fve mpicnes x foor dewes x fve biologmal rees-
serving the hyphal lengths in the agar Gim with a phase mentx; 71 dfy The mcond model inchaded only pla=t
contrast microscope. Lengths of byphae stained with i dated with ool (fve mpi-
FDA (fluo in & were d by the cates x Sour dates X Two microbes x o pFEa=Ty, 55
method of Ingham eod Klein (1982) in agar Sim, using 40, zad he tind model cxamined gll westmen 22d

epiffvorescent microscopy. wmmmdﬂ:ﬁi—
phere sofl sparuizly (Eve roplicases x foss daws x
Rhizosphere analyses three soils x two grazes; 87 df). For all significant &7
Rhi here b 1 bery were & ined af d P<.05
ter shaking roots in the dilute safine (APHA etal 1971),
 with three replicate platings for each of three dilutiozs. RESRTI
From each fungal treatment, two ]-mL aliquots wers The o ;

removed for toml hyphal and FDA-sained hyphal
length analyses. Nemazade mumbers —12 singie culturt Acobricides
Roots were then removed, rinsed, dried at 65°, and quwmwmdﬂm
Rhizosph des wemr obtined helencius avenoe (pfay 1058 + 186 individuals (s5)

e :

and nemstodes wese then stained (Andersom et al pes gram were g jower tann in Engle cohmre
1979h) and counted in a gridded petri dish uader Gﬂ:ﬂMtﬁmem
dissecting microscope (70%). The amount of rhizo- ot noe significantly (P > .05) higher (745 = 34 indi-

widuals).

Shoot and root biomass —Shoot production (Table
Chemical chalyses 1} wes significantly higher in Testments with bacesrial.

The following chemical analyses were performed oo feeding ¥

nonrhizosphers or noapiant soil. Rhizospbere soll was plant coowol (7) o plam-gnd-bacteria Toatment (pEL

Iy in insafcient quantity for chemical o addition the mont biolagically .

¥ For inorganic-P, 1 § of soil was extracted with 10 (pbfiaaJ had more shoot iomass than all other test-

L of 0.5 moVL NaHOD, adjusted to pH 8.5 with ments Root productios was sigeificandy bigher & the

mn(amanlemmmhmm 7 treatment than in mny other restmess

of fungi sad

and filtering the solution through & Wh growth =0




s 1. Mosmass of planis and
il with biological assemblages (£ = | 3).

o P, and NE+-N fn the soi] after plants

Soil concentrution (g0 - Biomass per plant (mg)

Assemblage® Pt NHS-N Shoot z:imu.z
» 17.5 =04 1019 11+0.1 200
168 = 0.1 322221 2605 180l
=~ 175206 455214 66 LD &2:03
P i E T L
ﬂw 166207 464232 135% 27 42 : 0.6

Q, valne M 102 30 9

- bacteris pbn, = plan -nﬂ
g ”ﬂ-&&m&mm;m-mmmhﬁ m
m

‘bacieria appeared oa Hﬁhﬁdﬂhﬁ}tlhﬂph\uﬂ

whﬂe&mmmuﬂlhmdlmmdw?.] and
iderably nfier day 49. Abundance of 4.

fn trestmests, respectively. The number of
celis per gram of soil increased from 1.25 % 10° at
wu&'!:u&.ntiu.nﬂss*ozxm

ila to that in nonrhi here soil of

muioﬂﬂmtbemlmthﬂu&plmnm

h‘hﬁﬂﬂ-lﬂ
had signif-

-ﬁmwmmumm
only plants and bacteris, and the highest hacterial den-

the with plants.

Shoot and rood biomass. —Shoot biomasses (Fig. 2a)
in the pbn,, plf, and phff, treatments were higher than
mﬁxm,emdpbmmumdwlll 49, and

77 (with the exception that there was no difference

todes or fingl contsined significantly more NH,*-N
than the sicrile plant control or plant-and-bacteria
treatments (Table 1).

Jess than in any of the other hroughout the

experiment.
_Aﬂnrw 21, root biomass (Fig. 2b) in all treatments

hmllummlumm)m

gemecin th
ﬂ?ddmmmuuzmamm

highes:
than in Mﬁup&ﬁ»mummﬂ.w
ihlu not so on days 49 and 105.

m riment, whils the chis ations of
A. avenor initially increased snd then declined afier
dxy 49. In nonrhizosphere sail, Pelodera sp. reached
its highest density on dey 49 and then declingd slightly,

growth.— Within the fongal trestments, data
on density of bacteria (P, paucimobilis) could be clas-

Tams 3, N‘m‘h\n of pematodes within the
EaT mahmtw'nn

T‘:‘n:' e s sl mmmM T 39% conAtence Intevvaty. ulll
rhizosphers end & Lk
ﬂ{ﬂmndmmw-ﬁ..‘ No. Aphelenciug per gram dry sl

Day  Nomplant

7 %
2l 16065
8. Bailes

292+ 211
105 144 =148

Nonrhizosphere - Rhi

9%
154.6 £ 1250
3115 = 1452
121.5 £ 59.4
142.4 + 59.8

%
610 =419
4225206
72426
131 %956

o
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Fio. 3. Naurl log (in) of bacterial pembers in il mi-

from fingl. Q valuesare To-

ondﬂ!uﬂ do—roooi— v Bacterin + fomps (%
Bacteria + fimgan + fungal-feeding nesmtode (4fig;
O-----0 Plant + bacteriz + {noarkizosphers) (a4

@ -~ Flant + mctaris + +
tode (phfind A— - —A Plamt + bacteria +
fumgus + fongal-fesding {rhizowphers) (ol

gified in three groups: lowest in the nooplent treat-
ments, slightly higher in nonrhizosphere soil, and high-
est in the rhizosphere (Fig. 3). In nedrly every case, a
uutmmnhhd.awhdhﬂwbmnﬂ-lnmm
LhInli!e without

ﬂm;heupw
Bacteria (P, m:n’}lntlupblndpbl\

were the same on day 21 for both
m;&mmmmmmmm
in the pbm, remained significantly grester than those
in the pb treatment.

-

\

oL g S

BACTERIA, InlNa, 10 /g soll}

)

DaYS
Fio. 4, Nm!lhcﬂn}dmmhmn
of different

(Fig. 4) increased rapidly and day

Trestrnents with bactecia
hﬂwllhwlfm.(}ﬂmm“ﬂy‘lmq,m
dmfw\hmmhlnﬁmuum

T.mmﬁmmnmmmlrmdhmepb
and pbn, while

the ph of both inl b
in the pbn, nonrhizosphere were significantly greater
mmz:mmwmpmmmm bat
were not different later on. In

MQnﬁ- dates. B

+ bacteria (ph)

M+mwwxo-~ —OPkn-rb

teria + bacterial-foading ‘noarkizoephere)

Temeron o= Plant + bacteria + bacterisl-feding nematods
{pdn).
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LENGTH OF FDA-STAINED HYPHAE (m/g sall}

Fungal grovah.—As with bacterial numbers, t
mmﬂmmomhw
(live and desd) hyphal lengths (Fig. 5). Hyphal respons

in the thizosphers soils was the most dynamic, increas-
ing afler inoculation, decreasing later, and then in-
creasing again (Fig. Sa). Fungal lengths from nonrhi-
zosphere soil of both the pf and phfi, treatments

decreasod rapily e § it s cdies
Illml. of =30 m/g of sail $b). Fungi
mﬂ*_ylﬁw&mmudmdﬁ'maﬂwm.

but 10 the i density by the

e
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A (229 /g soil)
g

Eoabapal ticr g
Vel 33 g |

=N{pg/g soll)

+
&
8o

1o o
Bie DAYS
F10.7. Mot vahies of soil P, in differeat doa oL M wiewct SN BN S UESCR
soil microcosms (s) withou? fiag mad (b) with 7 OGP Fesarium coompononxod § ot Q val-
ues 5pply 1o both grapbs. Symbols as i Fig. 7.

anlndhmdanmpﬂdﬂdﬂh(}vﬂmmm
Q different

by, O—0 Plant (pr H——N
Plant + bacteria 0O === O Flaot + bacteria +
fingus  (phf); # —:-— & Piant+ bacteria +
@—::—8 Flant + bacteria +
fungos + fungal-foeding nematode
end of the expert (Fig- 5¢). The of hiyphae
in grazed treatments was generally, less than in un-
grazed treatments. .
Hyphao that stained with FDA (metabalically active
see 8B 1977, Ingham and Klein 1982)

could also be classified by trestment into three distinot
groups (Fig. 6). Tnitially, stainod hyphac in the rhizo-
mhnummmnbun:hminmepgmﬁ.

inoculsted control throogh the course of the exper-
ment (Fig. Tublvmmwutnmetﬁq
trestment than in the 4 treatment, and although the
difference was pover sguificant on any ooc date, the
main effect of grazing was significant (# < .01). Al
plant treatments immobilized P, with the loast im-

iom in the p and pb trestments, and the most
rapid inftial immobiliration in pbn,. By the ead of the

6n), in which hyphae incrpesed ¥
dquilndw.lh:nducundmminiﬁlllndw
MTT.MHhWiﬂ&Mu{MM
t were losa dant than in the pdf rhizo-
sphere on day 21, but increased with time until they
were bundant than in the phf thi here on the
final sample date. In the nonrhizosphere soil (Fig. 6b),
mmwmmmum-mm
mn.m-—d'—"— 4 int

stightly daysSend
21 in the uninoculated control and then remuined con-
stant for the rest of the experiment (Fig. 8a, b). Both
the bf'end bfn, showed signifi net min-
emlization of NEL,*-M, with no difference between the
two treatments. Over time, all plant trestments im-
mobilized significant amounts of NH,*-N, alibosgh
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Fo 8. Mesa valves of soll NO,~-N i differcot tremt-
memts from sall sicrocomm (a) without fungi of (b) with Fu-
k vatues

Epply %o bodk prxpin. Symbols m iz Fig 7.

there was some carly net mineralization in the pb and
plf estmens. The most rapid immobilization oc-
cumred in the two grazed treatments (pbn, and phfin).
NOQ,~-N levels were low, and in the uninocu-
control decreased between days 0 and 49 and
then incressed slightly (Fig. Sa, b). Fb dois aleo

£1

PERCENT SHOOT P

iA]

=4 ®©  ® % &
pavs

Fic. 10, Totl shoot phospborus (a) and percent thoot

with difftront biological treatmeats. Symbols a3 in Fig. 2

Total shoot N i 1 in all -
days 7 and 77, but in oaly the sterile plant treatment

e initial NO,"-N valve. Al plant treatmeats fm-
mobilired all messurable NO,~-N by the end of the
sxpesiment, with the most rapid immobilization oc-

«curring within the grazed treatmenty,

Shoot nicrogen and phasphorus.—Total shoot phos-

— thromghout the experiment in all
those with B days

did it 4 b days 77 snd 105 (Fig. 11a).
More N was in the shoots of the ply} pbfin, and pbn,
treatmeats than in the pb or p trestments until day 77
(except for p&f va. pb on day 49). The increases in total
shoot N were the result of greater shoot biomass and
higher N conceatration in the shoots, For example, on
day 21 thers was 2.5% N in the p and pb treatments,
while in the pém,, plf, and plfi, trestments the value
ranged from 3.4 to 3.7% (Fig. 11b). On the final sample
date there was po significant difierence in tota] shoot

77 ané 105 (Fig. 10a). Toul shogt phosphorus was
significantly grester in the trestments with nematodes
aador flungi than in the plant alooe or plaat-plus-bac-
teris treatmenty until day 105 (exoept for pb va. plfon
hm&hmhﬁﬂhdﬁm“m'
treatments was that in the p treatment there was less

o thas in the with micro
Bora. FHowrver, there were anly small differences in
peroent phosphoras in the shoots (Fig. 10b),

Nb any pair of

Nematode corsumption of microfiora
The of b A =
by Pelodera wp. was estimated by first d ig

raies fing 10 )
Hon R m 252, whers I semmatod etk o
in micrograms end R is O, consumption in nanolitres
per individual per hour. (Schismer 1982). This esti-
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Wagner 1969). Standing crop of cyloplasm was !

culnted by multiplying the volume of cytoplasm.filled
byphat by 0.64, since =64% of this hyphal volume

was cytoplasm and 36% was cell wall, based oo our
observations of hyphas in agar Alma. Total cytoplasm
was %10 times the volume of cytopluani that stained
with FDA. Cytoplaam volume was cogverted to dry
biomass using the cofversion factor 0.33 g/em™* (Van
Veen and Paul 1979), Percent of total cytoplasm stand-
ing crop biomass consumed per day was determined
for each sample date.

Thep T of the bacteria g ™
cansumed by Peiodera wp. rangsd from 1.3 w0 26.0%d
(Tabis 4). The percentage of the total fungal cytoplasm
consumed by A. ovence rnged from 5.3 10 328%4
(Tabis 5).

Nitrogen fossex by nematodes

The smount of N lost by Priodera sp. was based on
the allocation C= Pr + R + D with the followisg as-
sumptions. All N associated with C that is defecated
or respired must also be lost, a5 well as balf of the N
associxted with C that gocs towards production, since
the sverage C:N ratio of nematodes (10:1) (Anderson
ctal 1983) is wice that of bacteria {5:1) (Woods etal.

S b & b w

DAYS

mﬁumm&.mumm

of fungal cytoptasm (11:1) (Hurst and Wagner 1968)

hmmmhmmﬁmldﬂ
St of R

Fia. 11, Total shoot nitrogen (a) and percent shoot nitro-
go= (b) in Boureloua gracilis grown in sail with
different biological treatments. Symbols es in Fig. 2.

mation a respi y quotient (RQ) of 0.8 mol
CO, per mol O; (Sohlenius 1979) and & Qo of 2. The

% anﬂ:bﬁﬂmmﬂd(alﬂﬂlm

iration (R}, ar

is insufScient for T

<104 with respired C. The additional N v
hmﬂv-knltoﬁj‘dd!hfmm:ﬂh!d
C. The ining N inted with respired C is ex-

creted. Daily and cumulative N lossss were calculated
for each day of the experi both "

(D) was calculated based on values for Pelodera 8. as

The principal N loss by des is in the form of
ammonia (Lee and Atkinson 1977), but at times of
Toxury jon of bacteria, some bacteriophagi

follows: C = 0,225Pr + 0.370R + 0.4050 (Marchant

des may lose up to S0% of their metabolic N

and Nicholas 1972). Percent of i ding crop
i d wes d ined, for each sample
mm-mmufn,u-tw-fuuua
assuming bacteria to be 509 carbon (Van Veen and
Panl 1979).

A. avence was
for Soay

18 amine-N; this phenomenon is transieat (2-3 d) w-
der normal soil conditions (Anderson el al. 1983).
Peak daily N loss from nematodes was reached on
dary 49 by Pelodéra sp., when 51.4 sg/microcosm was
Jost, snd on day 22 for A avence, when 28.0 jg/mi-

Fungal biomass carbon consumed by
A 4 similarty uting r

the eq
rate R = 2.75H7 (derived from data for 4. avenae
MWH-LIWZJMWMWM-
tionsd above for other parameters. Although the pro-
duction and assimilati ff ies of a fungal-fooding
pematode may be differet from those of & bacterial-
ﬁedhamnh&.uhuemnn::!hhhﬂm1mul—
mmmmormtmamusm

was released (Fig. 12a). Comulative N loss
per microcosm at the ead of day 105 was 3671 g for
Pelodera sp. and 1468 g for A. avenae (Fig. 12b).

Discussion
Addition of similar biotic assemblages to sterile sl

were used a3 the best approxt Amount
of cytopl umed was ined based on a
valpe of 55.4% carbon for fimgal cytoplasm (Hurst and

It ‘hﬂmi.‘nplmwﬂhm—inboﬁh
mewm&
Jeus of differences in soil type and species composition.




Tams 4 Consumption of the bacterium Presslomonas
uczerd by the bacterial-feeding nematods Feloderi 57,

r
Are] Consumet el -

=

Nematod b ia]  Percent of
Day coem) u‘”n-"-d-".l cosm) ocomsumed
7 3L sha 916
2 805 3160 9108 15
4 1776 640.0 2992 4
- 109.0 4.3 2640 162
108 i1 4356 1672 260

The most significent increases in available NH,*-N
ml).yhnmtrlﬂnl,'lﬁ.lﬂ.mdpinthl
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C jot of €3 of the fungus Fi
Tm by the fungal-feeding nematode Aphelenchus
arenae.
Standing = of total
cnop sunding
{ag/m (ugmmi yiop
Day cosm) cosm—'-d-') oosm) per day
7 18.8 cs “aw whe
H 173.9 7269 217 328
49 144.7 604.8 2010 29.2
92 122.0 1309 2.3
105 46.2 193.1 718 26.9

di without plants (4/and &fn;) (Fig.

(Fig. 11a) i when ¢ g

or fungi were p In the ded i

the rhizosphere bacterium P. paucimobilis did not sig-
increase shoot growth over the conmtrol,

whereas addition of the chitin-decomposer P. stutzeri

(ameénded experiment) did result in more plant bic-

M larad & &

Bacterial-feeding 1
growth in both studies. Thus, the enhanced shoot growth

in the pbn, of both may have
been the result of nematode excretion of N, mereased
of N by additional bacteria, or both, as

influcnce shoot
“growih; this did not support prediction 3 but was in
‘agreement with prediction 4, P

Bactertal populations

Baoterial densities in rhi sail of the amend.
©d experiment were nearly always higher than in nen-
Mummommmpam
‘;MMMWH'MU%\).
m.nhm(lﬁnmﬂ%l).m

Ingham xnd Coleman (1983). The principal mecha.

nism respoosible is the addition of soluble or labile

wmmm:wn,vmrdkmm-

gy limitations on bacteria and fangi that ocour in
MNMH&MI%LW-

| and Paating 1980). bacteria populs-
tons (phf'and phfis) tended 10 be higher than iy cor.

3), indicating that the influence of plant roots exteaded
beyond the area defined as rhizosphere in this study.
Nematodes had no significant effect on bacterial
in i s0il of the dod study,

where both nematode and bacterial populations were
lower than in the rhizosphere (Figs. 3, 4, Tables 2, 3).
However, in the rhizosphere of the amended stody and

s

f6 b gb
DAYS

3|
g |
5
gm-
. _
g |
-
-

Wb

" P12, MFWMMMHMnnm i
microcosm from nemstodet grown in soil microcosms with
wmum.gmwc o Aph

o’

Fd

132 RUSSELL E, INGHAM ET AL. 7
E Mo |
Tamz 6, Sysem teributed 1o binl grazens in soil. i
Grazer System responses Refersnon(s)
Systems withowut plants
AR ba potyphaga B 4 1 -
oy Colemas et ol, (1977)
o Increased N misemtization
plogaster i de, B) D J ial populati
Increased OO, evolution
Incressed N
< ) Increased P mizerafization
. theriri Inereased CO, evoiution Andenca
y o ed Coleman (1978)
A. polyphaga Des A
1 eeal 1975q)
Increased P minerafization &Iluﬂ.tlws{]!m
Colemaa e al (1978)
7 = RS ‘oods et al (1962)
A. polyphaga snd M. Dheritieri Decressed bactesial populations
Increased CO, evolution
Increased N mineralization
AP o
C- and N-amended soil
A. polyphaga D baceri
M. Theritieri bucterisl populstions
Iocreased OO, evolotion
A polyphaga and M. [heritieri D d becterial '
» Increased CO, evolation
Pelodera ! d bacserial popuiats Aleams and Misbell (1
Increased ©, conssmption -
M?:ﬂm‘ Increased OO, evolution Andersce of ol (1981a)
Acrobeloides wp. (nematode, B) Iocremsed N mineralisstion
Pelodera sp. (nematode, B) -
. popuistions Gould ez ol (1981
Incressed N miceralization Sy
Field populations of amochas b ial popub Clarkeien (1981)
Rhabdiris 9. (nematode, B) Incressed CO, evolution Axnderson et al (1982)
i ;Il:-dl'm
. Iheritiert J Asdersem e ol (1
L = et ol (1963)
Priodera sp, bacterial populstions ané Colermas (1962)
Celtulose~amended woil eroiution m al
‘mm e
Pelodera sp. ‘hacterial populstions
Chitin- and cell soll I 00, evolotion
Incressed substrate milisation
Mromuwdmm D vhy
OO, evolution aod d Collemas et ol (1
Magellates N minsrslization whes denpities of e
reduced . e
Mdpmdhmuﬂm Decreased bacteria and decrrssed do- Saxtos and Whithed (198
nematodes compotition when pematodes in- hme:aulﬂl}( 3
cressed following removal of predasary Whiciord et 2l (1987)
> mites z Elirizs xnd Whitiord (1982)
Aphelenchur avenae F Dx or killed furngal cultares Maskes and Mazkas (1963)
A, avenae Decressed funga) Nomass Waailewsia (1975)
Oniscur aselfus (colembolen, F) Low and moderuie denmities of the mi- Hazlon and Aaderson (1979)
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Refereton(s)
Hanlon (1981)
Coleman (1982)
‘nowmuwelll-ﬂ%!!
Elliott et al, (19794)
Badth ot al. (1981)
Tecoosphews velatus (mite, F) Increased total hyphas sad FDA-stained
active byphas '
deﬁiﬂg Increased plant-N uptake uantdm(vmoMlmnmm
Eagmiinies d plant-N
Pelodera sp. (nematods, B) bacterial This stody
Increased biomass of bius grams grass
Increased plant-N
A gwnse (pematode, F) Iooreased bacterisl

* Taxon and B = bacterial-freder or F = fimgal-foeder included in parenthasss.

non-rhizosphere soil of the unamended experiment
(Tabie 1), where the denxities of nematodes were high,
-mm.mmbﬁuw..wd&mmw
nificantly i of bacteria, relative to
‘without d hbuth!heptn.md
phfr, of the ded rhizo-

: to i to the
Mdmmhmmmm

mwmmmmmmm
ofa
bacterial- Mmmmda. ﬂmmnndnwn Pe-
lodera species (the amended experiment of this study;
Abrams and Mitchell 1980, Gould et al. 1981, Tro-

‘fymow and Coleman 1982; study results are summa-

rized in Table 6). All experiments in which Mesod-
plogaster Iheritieri was added us a bacterial

without reference to the

ial a t“’..‘ h’ ), i .
4 ﬂll'll'll'l:"l M ns

be diluted and overlooked, 5 3

predator
in net d in bacterial densities (Cole-
man et al. 1977, Anderson et al. 19794 see Table 6).
Aﬂnhiddulp-.huw inuuudhacmm pPOpU-
Intions in the duced them
hmmmuﬁmam 19314,1983.
Table 6). The di
mdﬁmhm&wﬁedﬂy Inlhamu:.lmady
Tow in the 7 soil of
the amended experiment did not affect bacterial mum.
bers, while higher densities of nematodes in either the
mwﬂdmnmddawlmwtmﬂwnm
ded study Ited in

d have the :
ﬂm-n-ruu-hummm
ﬂwmﬂnmmww
was then con-

higher pop

There are thres possible mechanisms for stimulation
of bacterial population growth by bacteri nema-
todea. First, up to 60% of the bacteria pessing through
the gut of a nematode may be defecated alivo (Smerda
et al. 1971), and bacteria that survive ingsstion may
obtain some otberwise limiting nutrient, hormone, or
growth factor while in the gut, resulting in rupid growth
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lﬁﬂ‘bﬁnlduhlad.mhplwuummhubeundﬂm-
onstrated for phosphorus in aquatic grazing systems
(Porter 1976). Second, the nematode may be important
mmmmﬁnghmalmﬂndmsmmmmu—
ternally on the cuticle, to unexploited, substrate-rich
microsites that the microbe would not be able to reach
28 rapidly by its own form of mobility (Wasilewska et
al 1975, Gouldut al. 1981, Anderson et al. 1982).
Third, and def o products of nematod
may provi it or ingrganic notrients for bac-
terial growth that are locally concentruted and readily
umh!s.:ndl.hsmy hneammuhmtﬂ:cl.l’w
4 significant amounts of

amino acids into the soil (Anderson et al. 1983), and
Marchant and Nicholas (1974) noted that bacteriai re~
production wes stimulated by the release of waste prod-
ucts by Pelodera sp.

We believe that the first mechanism, plnpufbw-
teria through the gut, cannot be the only -

st wyay
Vol 53, Ma. |
the soluble “C resovered from washes and supema.
tants afier centrifugation. However, a large percentage
of cells ingested may be defecated whole of &s parts of
cells (Smerda ot al. 1571). These would have been re.
maved by centrifigation and thus unaccounted for in
the measurements of defecation.

The rapid decline of total hyphal lengths after in-
oculation (Fig. 5) indicates cither that the initial in-
oculation density was greater than the vailsble carbon
substrates could support or that inocolation of hyphas
into the soil caused the destruction of some hyphae.
Fungi and/or bacteria are capable of rapidly decom.
posing dead hyphae (Lockwood and Filonow 1981).
The incresse in total hyphse in the rhizosphere region
after plants were added suggests that the fingus was
able to utilize carbon substrates produced by plant roots.

involved, since A. avenae and Tylenchorfynch

The abund: of active hyphae (FDA stained) slow-

clay-
toni (Ingham and Col 1983) also i d bac-
terial numbers even though they are incspable of in-
gesting bacteria and passing them through the gut. In
fact, bacterial numbers in the present study wers as
high or higher in the presence of A, avenas as with
Pelodera wp. Itnlﬂm{yﬂmb«hmmm
are ible for the
muhﬂmufhmiﬂw‘tbbrmm

We calcufated that 3.8 pg of bacterial biomass was
consumed each day for each microgram of nematode
binmm('l'ahln4} The corresponding rate of con-

ial bi Cis 1.96 pg-d-'-pg~',
wﬂchuwmmnmmucﬁ}ﬁmd' g de-
rived from Marchant and Nicholas (1974) and based
,on a population of Pelodera sp. weighing 13.2 mg, &

Nconsumption rate of 1.277 J-h="-mg "', an energy value

of 21.1 J/mg bacteria, and the assumption that 50% of
bacterial dry mass is carbon. The nematode species we
used was much smaller than that of Marchant and
Nicholas (1974) and thus sbould have a higher con-
sumption rate per unit mass, Since the average dry
mass of a Pelodera sp. indtwdulmﬂmmdyw
0.021 pg, the d 1.9 x 10¢
bacteria/d. This is mddmblvmdnn the rate
(72 x 10* bacterin/d) for Plectus parietinus
(Duncan et al 1974) but similar to the rate for male

" Pelodera chitwoodi of 3.9 % 10° bacterin/d averaged

over an 8-d life span (Mercer and Cairns 1974). How-
ever, since P, parfetinus and P, chirwoodi are much
larger nematodes than the Pelodera sp. used in this
study, their individual consumption rutes would be
expected 10 be greater. ﬂ:wkmhdmnmmnm

Iy decli lﬁrﬂrd?hhﬁhhm

the rate of N mineralization (Fig. Bb). There was oo
effect of des an the d { active hyphae
in either soil zone. As with total counts, active hyphas
were more sbundant in the nonplant soil than in non-

hizosphere soil. The abundance of active byphae
the rhi here did oot d with time, and sig-
nificantly i d in the plifne on the last

mﬂedm,wﬂmﬁmuhhw
mhwbm!ﬂlmm&nmd&nmm
mﬂ.mmmhmm&
ammqmﬁﬂmbhnmmmm

jes on day 49. However, the
significant incresss of active kyphac in the phfi, treat-
mamlmmmwmﬁ
fungi may stimulate fungal growth, as with nematode
grazing of bacieria.

We calculated that 4.18 pg of fungal cytoplasm bio-
mass, or 232 s of fingal biomass C, was consumed
sach day for esch microgram of 4. grenae biomass
(Table 5). Since the average dry mess of an individual
A. avenae was 0.029 x5, the average nematode con-
sumed 0.067 sz C, or 0.12 sg cytoplasm, sach day.
This is within the range of cytoplasm consumption of
0.01-0.17 xg/d for t-d-old and 5-d-old 4. awmae, re-
rpu:ltw:lr as calculated from de Scza (1973). These

ingestion estimates are more precise than those for
hamnkﬁdngnmnuﬂumm]ymhhem

this study and others underestimates the ber of
bacterinl cells sctually ingested because the value for
defecation derived by Marchant and Nicholas (1974)
is mn They from

£ 4, with no need to account for whole
mwmwmmmwmt
avenae ng d the of FDA-
stained cytopl these des also must oat o




-- ﬁJ [y ‘M
A avense wese grown both in single (pbn, and pfit)
ﬂ—ﬁdwmmtmhngml-
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wmmwwmwbmriﬂpowhﬁmin

* the rhizosphere of the pbm, treatment. More Py was

;mmmmhmm;aﬁmdpbﬁwumnm

‘i the plant or plant-plus-bacteria treatments because

attained in treatments with
e e eeing necnaiodesoc g
m«mmdm(ﬂwn-n.-uM-
Muummﬂmimﬂtﬂd)i{!’!;.u b), with the
fungal treatments mineralizing much more than the
with ria since Fusarium oxysporum 18

ial
i the prescoce of A awenae. Sinoe t popula-
tlons were not different in the two treatments with
Acrobeivides ep. (pbm, and phfn,n) end since the fwo

& better chitin than / ‘_ a5 stutzeri
(Gould ct al. [981). The greatest net mmhn‘uou_od‘
thﬂuvmdmmwmnmﬁum
mhmmmmmmﬂg:‘n@m
then slower after dsy 21. Therefore, the initial min-

i of N could have been from simple native

s
In the amended study, both Pelodera sp. and Aphe-
[y - P 1 the rhi fiere (Ta--

bles 2 and 3). Although rhizosphers soil was never
‘more than 5% by mass of the total soil in the micro-
cosm, at times 30-40% of the total population of either
feeding nematodes are Iy knows 10 p
inate next 1o roots (Ingham end Coleman 1983), but
this is the first quantitative report that bacterial-feeding
and fungal-fecding nematodes also prefer this habitat.
Axndrew and Nicholas (1976) observed that living
Pseudomonas spp. atracied bacterial-feeding nema-
todes, bul dead bacteria did not. Similarly, fungi also
substances that sttract nematodes (Balan et

g P
4l 1976, Jansson and Nordbring-Hertz 1979). There-

“fore, the majority of the population is likely to spend
most of the time in the rhizosphere, where microbial
densities are highest. Bacterial-feeding protozoa have
5o boen observed in groater numbers in rhizosphers
scil (Darbyshire and Greaves 1973, Clarbolm 1981).

» Soll inorganic N and P

Ia the short-term unemended study, there was net
N immobilization in the p and pb treatments, as the
plants 100k up the limited avsilshle N while litde or
00 N was minerslized (Tabie 1), In the treatments with
fungl end/or bacicrial-feecling Ak b

i amino acids, etc.),
mmnbyw:’mdm mhulﬁuﬂmm of N from the
added chitin, Between day 7 and day 21 there was net
mineralization of N in the plyf treatment but oet im-
mobilization in the phff, treatment (Fig. 8b). On day
21 there was no difference between these Two treat-
ments in shoot, root, or fungal biomess (Figs. 2a, b,
5), 50 the net immobilization of N in the phfn, treat-
meni must have been due to incressed uptake of-

*-N bacterial in this treat-
ﬁmﬂww i inwmhﬁ?mbmm' After
mn.imnhﬂinﬁonufﬂmmﬁhbmhpkfm
phffn, trestments as plants grew rapidly, Most of the
increase in soil NH,*-N in the pb treatment on day 21

Ited from the marked decline in bacterial

significantly
than those in the pb treatment on day 21. The faster
initial growth rato of the plants in the treatment with
Pelodera sp. probably resulted from the greater avail-
ability of N s the large population of nematodes graz-
ing on the bacteria excreted NH,*-N, which allowed
for rapid uptake by the plants (Anderson et al. 1983).
In all plant nearly all available i z

there was more N mineratized than the plants could
take up, even though there was greater und more rapid
plant growth in these more biologically complex weat-
ments.

In the amended study, the bf and phfh, treatments

immobilized more P, (P < .01) than the

f“ pif wreatments (Fig. 7a, b). The increased bac-
e o ,

Nwas bilized by the end of the experiment (Figs.
8, ), suggesting that the plants remained N-limited
throughout the experiment and that the mineralization
e of chitin did not excoed the plant's ability to take
up N.

Nitrogen release by nematodes
While appreciable N was released by des in

ety immobilized avuch of the P, with a small portion
#lso being immobilized into nematode biomass. Sim.
ilarty, the pbm, trestment immobifized significanly
more P, than the pb treatment. While most of the ad-
ditional _w-dn:hﬂumm
mm*"‘“"“ﬁmm«mn

e iy the was insufficient to ex-
plain ull the sarly increase in plant N as compared with
plants from the ph treatment, For example, on day 21,
647 g of N were found in plants from the pbn, troat-
ment, while pb plants contained 175 yg N, a difference
of 472 ug. By this time only 269.5 jig N had been

deased by nematodes. Thus, mather mechanism must
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be propased for the additional N uptake by the plant.
Several factors should be considered. First, the bac-
terial populations on day 21 were 25 times greater in
the pbn, trestment than in the ph treatment (Fig. 4),
%0 chitin decomposition by bacteria was probably much
preater in the treatment with nematodes, Second, since
both bacteria and nematodes were concentrated in the
rhizosphere, much of the N mineralized by either bac~
ieria or nematodes was probably in dose proximity to
the roots, available for immediate uptake. This more
advantageous N regime was probably responsible for
the more rapid root growth early in the pbn, treatment.
The greater root biomass was then able to exploit 2
larger soil volume and reach soil inorganic N not avail-
able 10 roots in the pb treatment. This was primarily
respansible for. the difierences between these tresi-
ments in NH,*-N end NO,~-N levels, which were not-
od in the first half of the experiment (Figs. 8a, 9a).
Therefore, it seems Likely that Pelodera sp. had an
i positive feedback effect early in the exper-

iment.

Root bi the two Was DO
longer different by day 49, yet plants in the pbn, treat-
ment contained B13 ug more N than those in the pb
treatment, By this time nematodes had excreted 1491
g N per microcosm, which may have accounted for
much of the additional plant N, although some of the

! d N was undoubtedly taken up by

bacteria.

During the entire experiment, 4. avenae in the phfn,
treatment lost 1468 ug of N per microcosm, appreci-
#bly less than the 3671 g excreted by Pelodera sp. The

Momrgrag ey
Vel 53, N |
would be mineralized. The availability of these nu-
tricnts for plant uptake depends on the amount of or-
ganic matter C available for microfioral growth and
bence on nutrient immobilization. By comparing the
Ppb and pbn, treatments, relative cstimates of miner-
alization can be made, however. The higher conoea-
tretion and total amount of N in the shoot tissoe in
the pbn, treatment suggest that those plants were drsw-
ing from s larger poal of available N than thoss in the
pb treatment. By the end of the experiment (105 d),
bowever, there was no difference in plant or soll N
between the pb and pbr, trestments, indicating that
the presence of nematodes may be of only shar-term
advantage to the plant. This concept was also proposed
by Anderson et al. (19815), who hypothesized that mi-
crobisl grazers accelerate the rates of substrate utili-

zation and nuttient but not iy

the final of sub d dow .
jezsed. Ho , in many ¥ particulisiy

those in arid and PR sdeal o

for plant growth occur only for short periods. Thos, 2
shori-term advantage muy be quite significant. Some
of the additional N mineralized in the pbn, treatment
was immobilized ixto microbial b o aoieriat
populations in the rhizosphers of the pm, treatment
increased. Thus, in the Iatter part of the experiment
the bacteria may have been outcompeting the piant for

fungus alooe mineralized 3750 pg of N per
in the nonplant (&) thus, the of N

the NH,*-N mineralized by the de. A similar
B in nitrog in plant shoot tisspe
izthe ofap bal) bactzrial graz-
er was also reported by Elliott et al. (1979a) and M.
Clarholm § & 0 (Puble €

Our predi that plants grow faster in the presence
of microfioral grazery than in their absence wes sup-

lost by A. avenae did not significantly improve the N
regime of the plant. Hence, the fungus trestments with
and without A. avenae did not differ in cither shoot
Hiomass or total shoot N.

EvALUATION orF THE CONCEPTUAL MODEL

The conceptual model introduced in Fig. 1 was gen-
emily supported by the results of this stody and was
useful in interpreting the results observed. The modsl
pr that microbial grazers inff the ngth
of feedback Is on sub utilization by fimgi
{Cey) and bacteria (Cyy). Our results support this, as do
those of Anderson et al. (1981a), Abrams and Mitchall
(1980), and Trofymow et al. (1983) (Teble 6). Fungal
foeders have been shown 1o increase (Hanlon 1981) or
d (Trofy and Col 1982) system res-
piration. System responses are likely to be dependent
on grazing intensity as affected by initial population
sizes (Coleman ot al. 1984).

The ecological importance of grazer influence on the
rate of substrate utilimtion Cy, is not only that dis-
appearance of ltter would cocur a1 a faster mie with
pematodes but also that poteatially more nutrients

ported for bacterial-feeding nematodes but not for fim-
gal-fonding nematodes. There was no evidence in this
experiment (Fig. 5b) that the system with fungal-feed-
ing nemstodes mineralized mare N than the one with-
out grazers (i and bfn, trestments). Even if more N
bad been minsralized with A gvenae, however, thero
till may have been no plant growth response, because
the amount of N mineralived by the fungus alone may
have been optimal. An increase in plant growth with
the addition of microfioral grazers probably ocours onty
in n mutrient-limited environment. Elionetal. (197%)

initial NHL*-N levels were high (15% increase) than
when they were at a medium level (132% increase).
Bocause of grester chitin-N mineralization by F. axy-
sporum than by P. srutzeri (Gould et al. 1981), plants
in the phf had more N than those

in the pb treatmeat. Thus, plant growth and amount
of shoot N in the plyf treatment were greater than in
the pd treatment and equal to values in the trestment
with bacterial grazers.

While Bédth et al. (1981) observed that Scots pine
soodlings were 17% larger in treatments with microbisk
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This course provides foundation training contributing towards a cluster of units in
the Diploma of Permaculture AQTF Qualification




The Ecovillage and Sustainable Settlements Design module provides key
underpinning knowledge and skills training for the following units from
Diploma of Permaculture:

PILS03A Develop a strategic plan for a permaculture project

PIL506A Design and plan a sustainable settlement

PIL507A Research and interpret requirements for a permaculture project
PIL509A Plan and design structures for permaculture systems

PIL510A Prepare a community and bioregional development strategy
PIL512A Pilan community governance and decision-making processes

And supporting knowledge and skills training contributing to:

PIL511A Facilitate participatory planning and learning activities
PIL502A Design an integrated permaculture system

PIL504A Manage a permaculture project

PIL505A Plan the implementation of a permaculture project
RTC5801A Provide specialist advice to clients

Attainment of the Diploma qualification can be gained through:

* Structured internship and/or occupational training placement involving
tutorials, master-class workshops, research, case studies, field visits and
mentored project work and participating in relevant seminars and conferences
as an ongoing assessment process

* Undertaking independent , research, case studies, field visits and project
work, workplace experience, and participating in relevant workshops, short
course training, seminars and conferences and eventual RPL Assessment.

Please refer to information documents for RPL assessment in APT
qualifications available from:
WWw.permacultureinternational.com.au (downloadable documents)
or email request to robyn@permaculture.com.au




DIPLOMA IN PERMACULTURE Course Copk 30342QLD

DipLOMA OF PERMACULTURE
Is daslqnegF for those involved in permaculture design, consultancy andfpr management,
and community development, It is also designed for those who are seeking to develop

management level skills and knowledge through training.

%mmﬁgmm training in permaculture forl those who are workiqg as project
managers on permaculture community development projects, and tht_:ge seeking to bacome
permaculture systems designers and/or consultants, and work as fgcllnatcrs an_d
consuitants for community consultative and planning processes. Client groups include those
who have completed basic permaculture studies, those looking tulbela supervisors on labour
market/community development programs including those based in Jndjganous
communities, and those involved in ecovillage and intentional community development.
Outcomes include further training options, employment as a pmject_ manager or consultant
across parmaculture, agriculture, horticulture or land management industries.

PREREQUISITES: completion of core units from Cert IV in Permaculture is an essential
prerequisite for entering into Diploma studies.
Note: Diploma of Permaculture may require up to 3 semesters

DiPLOMA QUALIFICATION REQUIREMENTS: Complete 10 units of competency

« A minimum of six (6) elective units from Group A below
= An additional four (4) elective units from Group A and/or B below

GROUP A Elective units

PILS01A Carry out permaculture field research 80
PIL502A Design an integrated permaculture syste 120
PILS03A Develop a gic plan for a lture project 60
PIL504A Manage a permaculture project 60
PILS0SA Plan the implementation of a permaculture project 80
PIL508A Design and plan a sustainable sattlement 120
PIL507A Research and interpret requirements for & permaculture project 120
PIL508A Plan gement strategies for o development projects 120
PIL508A Plan and design structures for permaculture systems 80
GROUP B Elective units
PIL510A Prepare a community and bioregional development strategy 120
PIL511A Faciltate participatory planning and learning activities 80
PIL512A Plan community governance and decision-making processes 80
BSBADMS044 Plan or review administration systems 80
RTC5203A Plan ion and sediment control s 120
RTCS5801A Provide specialist advice to clients 60
RTC5812A Market products and services 80
RTES5523A Develop cliimate risk management strategies 80

RTDS802A Support group and commun ch i
RTC56144 P unity changes in resource management

Rules A mhﬂ ui\:lo (2) units from other permaculture qualifications levels can be substituted for
elective qualification N. least 8 of the units of competency presented for this qualification
must relate specifically 1o work procedures, activities or contexts

DURATION: ¥ 3 o plete Diploma studies

AIVT AAAS P L simamn

Diploma of Permaculture

Qualification Requirements: Complete 10 units of competency

* A minimum of six (6) elective units from Group A below
* An additional four (4) elective units from Group A and/or B below

** denotes units for which the Sustainable Settiements Module provides specific foundation
training for those working toward achieving competency in these areas. Completion of a unit
will require further directed &/or self-diracted leaming, research experience and completion of
required assessment projects

* denotes the units for which this course provides a valuable context and enterprise
framework and contributes a degree of direct and related knowledge and skills.

GROUP A
PIL501A Carry out permaculture field research

PIL502A Design an integrated permaculture system*

This competency standard cavers the process of designing an integrated permaculture
system.

It requires the ability to develop a design brief, undertake a site analysis, deveiop a concapt
design and produce a final design for an Integrated permaculture system. The preparation of
an integrated permaculture system design requires detailed knowledge of permaculture
design principles and processes, and plant and animal relationships

PIL503A Develop a strategic plan for a permaculture project **

This unit requires the ability to prepare a project brief, vision statement, aims, objects, goals,
strategies, benchmarks, data collection methods, strategic planning processas, qualitative &
quantitative analysis techniques etc

PIL504A Manage a permaculture project*

This unit covers the process of managing a permaculture project. It requires the ability to
acquire project resources, manage project activities, and finalise project and evaluate and
report on activities. Managing a permaculture project requires knowledge of permacutture
principles and practices, contract law, project management systems, and budgetary
framework.

PIL505A Plan tha implementation of a permaculture project*
This unit covers the process of planning the imp ion of a permaculture project.

It requires the ability to evaluate and assess project, determine project tasks and associated
timelines, assess resource requirements, develop Project budget and document the plan.
Planning the implementation of a permaculture project requires knowledge of parmaculture
principles and practices, data collection methods, qualitative and quantitative analysis
technigues, methods for analysing and evaluating Information, presenting information and
community consultation.

PILS06A Design and plan a sustainable settlement =~

Includes site assessment/evaluation (including catchment context: natural, social & services),
& ability to develop a social strategy, concept plan and manag planfora inabl
satllement: co-housing, eco-village, housing co-op, land-sharing communities

PILS07A Research and interpret requirements for a permaculture project ™

This unit embraces legal & planning frameworks, tenure, cultural, social and economic
factors, including consultation models

PILS08A Plan management strategles for overseas development projects”

This unit covers the process of planning management strategies for overseas development
projects. It requires the ability to research local conditions and culture develop strategies and
methodologles to facilitate community directed program devel o ,k’mm ies for
community health program, and research and evaluate technologies and resource
conservation strategies. Planning management strategies for overseas devel t projects
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ESEADMS04A Plan or review administration systems
systems and procedures for implementing, monitoring and reviewing the system

PIL512A Plan community governance and decision-making processes **

PIL511A Facilitate participatory planning and learning activities **
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The relationship between humans a
issue of sustainability. An excellen

Carew-Reid er al. (1994) as shown in Figure 2.2.

nd the rest of the ecosystem is at the core of the
t description of this relationship is provided by

3w b [———————————

Human condition

Human well-being of
quality of life, including
health, nutrition.
* education, income,
employmen, sell-reliance,
freedom, community

Ecosysiem responses

Supply of food encrgy,
materials, pon-material
benelits, and other gooxds
and services, Nalural
hazards; climate change

health
Y

Human responses

Assessment,
decisions-actions: changes
of values; research
education and training;
changes in technology and
insthtutions (laws, cusioms,
incentives and
ofganisations). A stratcgy
is 3 coordinated set of

People-ccosysiem pressurcs

Human numbers, needs and
wants, lechnology, per capiia
nesource consumption and
waste, uses of wild specics
agriculiure and other uses of
domesticaled gpecies, uses of
non-renewable resources
pollution etc.

s .

People-people pressuges

™| Cooperanon, competition,

zonflict, power relationships
clc.

Ecosystem well being
(productivity, diversiy,

- .1 waler and air quality) stale
of ecological processes, the
atmosphere, biodiversity
and renewable and
non-rencwable resources

Ecosystem-ecosysiem
i pressures

Nuurally-caused
environmental damage.

The relationships between people and the Earth, adapted from (Carew-Reid ef al

1994:18),

Essential Steps Involved in
CREATING A COMMUNITY &/or ECOVILLAGE

1. Establish Core Group — note Skills Mix, establish key protocols

2. ldentify Specialist Input Needs i.e. advisors and consultants
e.g. legal, financial, planner, engineers, permaculture

3. Clarify Vision — commence the Strategic Plan
Establish the brief

4. Research Real Estate Market in Desired Area
5. Research Zoning & Planning Issues, development consent requirements

6. Develop Checklist for Land Selection
Bioregional/Neighbourhood Context — commence land search

7. Research and visit established Communities
- learn from their experiences, successes and failures

8. Research Decision Making, Governance Processes
- develop Conflict Resolution skills

9. Research Tenure & Legal Structures
+ insurance, tax, inheritance & transference implications

10. Establish Core By-Laws & draft residents agreement

11. Learn/research Financing Options

12. Develop a Realistic Budget
Calculate Potential Development Costs
Stage Development - Prioritise

13. Meet with Planning Authorities
Determine Carrying Capacity (planning & natural resource constraints)

14. Develop Master Plan with Professional consultants
Development Approval Process

15. Finalise budget - Establish buy-in Costs

16. Create Community Agreements, Governance, Confiict Resolution Processes
Selection Criteria for New Members, Transference: In's & Out's

17. Implement Planning Consent Requirements
Contingency Planning

now the hard work really begins when you start building & living on the land
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Shaping Our FUtures
Dreaming and Visioning
- finding values and developing concepts

Identifying and exploring Issues
turning them into challenges
create solutions and options

Understanding our resources
- S.W.0.T and Mapping

Develop a strategic framework
- navigating the journey
(principles, goals, actions)

Establishing pathways
- decisionmaking & co-leadership
- networks and links
- receptive and inclusive approaches

Choosing processes and tools
- interactive, educative, informative

Developing models and good exampleé

- guidelines, performance standards
- technical and creative assistance

Education and awareness
- forums, mediums of exchange, approaches

i N_Ianagement and Observation
partnerships & agreements, monitoring & evaluation

Adaptability an :
creative response, adjust;,?;, d Innovation

Peter Cuming - 5

finding niches, dreaming
le Futures P g & Design 1997

Strategic Planning Approach

Framework: Elements

Vision Concepti(s)
Principles Policies
Goals Objectives
Strategies Actions
Performance Targets Timelines
Education & Awareness —————— Evaluation
Process:

Data Collection & Information

Liaison and Networking

Collective Discourse & Bro_adening Perspectives
Strategic Questioning & Thinking

Identifying Issues - Challenges - Opportu nities
Exploring Options & Solutions

Co-operative Visioning & Goal Setting

Conflict Management & Resolution

Feedback and Adjusting Focus
R Comey
1991.




Strategic Planning

e the organization or project wants to .t?e at
t is going to get there., The "strategic” part
tinual attention to current changes in the
ent, and how this effects the

Strategic planning identifies where
some point in the future and how i
of this planning process is the con i
organization/project and its external environm
future of the project or prganizatil?_n. o

i i re critica - ;
g:ﬂ::;:;:ﬁgﬂ:s r;ggi;on processes should end with objectives and a
roadmap of ways to achieve those objectives.

1. Vision - Define the
vision and set a

mission statement with
hierarchy of goals

2. Analysis - SWOT
conduct analysis
according to desired
goals & objectives

3. Formulate actions
and processes to be
taken to attain these
goals

4. Implement -
Implement the agreed
upon processes

5. Monitor and
evaluate feedback
from implemented
processes

AVISION STATEMENT i spires to what
can be and - i a5t ~

Achievable. Relevantand Timehound)—

A MISISION STATEMENT provides a path
1o realize the vision in line with its values,

1 Clarify the project brief and develop a planning framework

* Project vision statement, aims and
objectives are defined in the brief

* Project benchmarks and indicators
and are established in consultation
with stakeholders

* Catchment analysis contexts,
constraints and opportunities are
identified for the project

* Core values, principles and
guidelines to ensure ecological
sustainability, social responsibility
and equity are defined in the project
brief

Frameworks may include
= WEB
* MATRIX
* FLOW CHART
= Other planning
models

| The framework identifies
the key components of the
strategic plan and their
relationships which directs
the planning process.

* Protocols on cultural respect and sensitivity for the design, implementation
and ongoing management are developed in consuitation with stakeholders

2  Analyse available information

« Research information is
formatted to enable appropriate
comparisons

+ Key elements and themes are
identified

» Interconnections and
relationships between key
elements and themes are
mapped

- Legal and planning instruments
and guidelines relating to the
project from local, state and
national governments are
determined

+ Professional and specialist
advisers and consultants
required for the project are
identified

Situational analysis

Elements and themes for an

ecovillage may include:

* natural envionment, ecology &
biodiversity

» water and hydrology. |

te management,
ngs and structures
ies and infrastructure

* landscape,
* |anduse systems,

| = economic and enferprise

systems,
= social faclors,
» cultural factors
* hazand reduction

When developing strategies, analysis of the projectforganization and its
environment as it is at the moment and how it may develop in the future, is

important. The analysis has to be executed at an internal level as well as an
external level to identify all opportunities and threats of the new strategy




Factors to assess in the external situation analysis may include:
Markets (customers/prospective members)

Competition (other options available to above)
Technology

Supplier markets

Labor markets, contractors, consultants

The economy

The regulatory environment

I I

SWOT ANALYSIS
A SWOT analysis is most effectively employed to assess a clear objective and
USED for creative generation of possible strategies xo
Strengths: attributes of the project/organization that are helpful to achieving
the objective. How can we best Use each Strength?

Weaknesses: attributes of the project/organization that are harmful to
achieving the objective. How can we Stop each Weakness?

Opportunities: extemal conditions that are helpful to achieving the objective.
How can we Exploit each Opportunity?

Threats: extemal conditions that are harmful to achieving the objective.
How can we Defend against each Threat?

The aim of any SWOT analysis is to identify the key internal and external factors
that are important to achieving the objective:

Internal factors — The strengths and weaknesses internal to the organization.
e.g. resources, location, financial, creativity, unique product, valuable
tangible & intangible assets, capacity & capabilities

Exmmal_ factors — The opportunities and threats presented by the external
environment. 8.g. economic conditions, public perceptions &

expgctatmns‘ competitors & competitive actions, public relations, market,

environmental conditions, regulatory bodies, catchment context

Identify required strategies

. §teps required to implement strategies are logical and capable of
implementation

Strategies are clearly formulated and
for comment, where appropriate
Strategies include consultation with all relevant parties

Opportunities and constraints to im
and documented

made available to relevant parties

plementation are clearly recognised

Document the strategic plan

+ Strategic directions f i
S or the permaculture project is supported by available

5

by

Sound operational plans can be implemented based on the strategic
plan

Documentation is clear, concise and accurate

Strategic plan is distributed to all relevant parties to ensure effective
communication of information

Review strategic plan against identified desired outcomes

Mechanism for evaluation of strategic plan is determined
Timeframes for evaluation are determined

Feedback from all relevant parties on implementation issues and
outcomes is evaluated

Problems identified are resolved and/or reported to appropriate persons

Where appropriate, modifications to strategic plan are recommended
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Research Requirements — Planning Framework, Legislation

Requirements impacting on the project need to be identified, researched and
evaluated.

INTEGRATES

1 Select appropriate research strategies
* Research strategies selected are appropriate for the requirements of the
project and the available resources — research strategies may include
library, internet, interviews, direct sourcing of published and verbal
information from agencies and council, professional advise

INTENT TO FOCUS

GOALS AND AIMS AND COMMON

* A combination of research methods are selected to promote the viability
of the outcomes

* The selection of research strategies is negotiated with key people

2 Gather information

INDIVIDUAL OR SERIES OF PROCESSES AND

RESULTS THAT CREATE A DIRECTION

« All relevant information sources are identified and suitable methods of
collecting information are used.

« Materials and aids needed to conduct research are designed and
allocated
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AN IDEALISED END OR TARGET TOWARD WHICH AN

INDIVIDUAL, GROUP OR SOCIETY MAY STRIVE
ACTIONS TO ACHIEVE OBJECTIVES OR GOALS AND

AN ATTAINABLE DIRECTION OR COURSE OF ACTION BY
WHICH A GOAL OR- GOALS MAYBE REALISED
PATTERN OR FRAMEWORK WHICH

WHICH CAN SET A DIRECTION

A BROAD STATEMENT OF

VISION
ACTIVITIES,
GOAL:

.0 BJECTIVE
STHA"T.EGIES:
ACTIONS

« Legislative requirements impacting on project are assessed and
analysed, Legislative requirements may include: Local and State
government planning policies, engineering specifications, development
control plans, ordinances, restrictions, zoning, development approval
requirements and process, community consultation requirements, ,
national codes and legislation, Australian building code, ASIC,
international trade.

-n

. Government departments and agencies with a potential interest in the
project are identified such as: Government departments and agencies
such as planning, agriculture, fisheries, national parks and wildlife, soil
and water resources, fire and emergency services, environmental
protection agencies, housing, health, education, building, business and
consumer affairs, state regulated legal structures (associations and
cooperatives), land tenure

Rifre Comey SFPD-
m:‘j

Concept(s)
Policies
Objectives
Actions
Timelines
Evaluation

« Information is collected in the determined times and methods and
recorded and stored according to negotiations with the sources

Elements

3 Consult with key people
« A representative range of people and groups with an interest in the
issues is identified and consulted

Strategic Planning Approach

« [Information is reviewed, checked for accuracy and the need for further
information is identified and followed up

Frame

Principles

Strategies
Performance Targets
Education & Awareness

Goals

Vision
Collective Discourse & Broadening Perspectives

Identifying Issues - Challenges - Opportunities

Data Collection & Information

Liaison and Networking

Strategic Questioning & Thinking
Exploring Options & Solutions
Co-operative Visioning & Goal Setting
Conflict Management & Resolution
Feedback and Adjusting Focus

Process




Liaison is undertaken with council staff such as planners, engineers,
community development, enterprise development and elected councillors
Consultation is undertaken according to agreed practices and
community

The comments and views of all interests consulted are considered
incorporated where relevant

protocol of

and

4 Organise and analyse information

-

Information is organised in a form that lends itself to analysis and is
suitable for the purpose of the research

Information is checked with other available research

Data are confirmed with those who provided it and is reported clearly
and comprehensively

Patterns, observations and explanations are justified by the information
and the context

The conceptual framework of the analysis and the assumptions is clearly
explained to those being consulted and in reporting

5 Report the findings of the research

Complete and accurate details of the research methodology, information
and analysis are reported

Opportunities are provided for the validation of the research findings
using a range of feedback from key people and a range of different
processes

The research findings are reported in an accessible and useable style,
and format

The results of the research are reported and made available to all key
people who have an interest in the issues researched

Goals for Wholistic Designed Settlement (M Curb

Village Homes California

I Approach self sufficiency in energy
01 renewable sources

o L
2. Manage water resources efficiently

(e.g. grey water) absorbing and utilis

3. Diverse organic agriculture production for local consumption makin

£ s
sewage and grey water sk

waste

4. Maximise land use by including food trees
residential landscaping

s, vines and gardens in

5. Reduce dependance on automobile; eincouriy
“1r”1|gh pfll\'lfﬂ“n Of services close to P

bicycle type traffic;
of key settlement

areas
) Producing goods and services locally wiierever pussible with emphasis on
recycling/re-use

7. Provide employment within and close
people/age groups with meaningful training and p:

ies for wide range of

pation by vouth/children.

8. Provide for low income earners to p. wunity fabric and

access services, facilities and goods

9. Provide for basic human psychological needs that don't require excessive

consumption

dlities as effidently

10. Provide relevant government and 1

as pl\S.\"."'.‘l.t.' and in an integrated manner

11, Planning and design progess that alluws tor

diverse individual needs

1
2. involvement of people in the process
3

incorporates lessons learnt from ey

12 thpum! to changing needs in desigt

settiement

scale qualities necessary for sustainable ar



Characteristics of Eco-Villages (Context Lnstitute 1994/7)

1. Human Scale
- People are able to know and be known
- People can influence comniiiiyy = direction
- Practical evidence : b/w upper limit 500-1000
- In modern industrial societies viten lower even <100

» Eberfzer Howard : Towns (1920) 30,000 (made up of wards vt approx. 3,000 with
own shixps/ schools etc)

» Clarence Perry - 2,500/3,000 people for neighbourhood unit

* Abercrombie 1940's - 2,500/3,000 people

2. Full Featured
- All major functions of normal livinyg (residence/wurk/leisure social
life/commerce are present i balanced proportions
- Integration of function though not isulated or fully self-sufficient
- Work within as well as work without
- Specialised services appropriately lucated with clusters and networks
assisting in the provision of services

3. Ecologically Sensitive
- Respect for other life forms
- Cyclical use of material resources rather than lineal (use of renewable
resources, composting of organic wastes, recycling as much of waste
streamn as possible, avoidaiice uf tuxic and harmiul substances

4. Healthy Human Development
- Balanced and integrated development of all aspects of human life
(physical, emotional, mental, spiritual)
- Individual nd community well being
- Economics, governance,social relationships

5. Sustainability Principle
- Honestly not living off capital accumulated in other parts of society for

anti ecological activities sumewliere else, not inclusive of all aspects of
life (childhood or old age - “blindspots”)

DEFINITION OF RURAL RESIDENTIAL

There are a variety of definitions and paerceplions
abcu_l _whal constitutes rural residential development
and living.

The detinition varies from State to State generally with
an emphasis on residential estates and smaller hobby
farms. For example in the eastern States of Australia:

Queensland: RRD is defined as: subdivision and
development of land in one or more lots of 2000m2 or
larger without sewerage and primarily for residential
purposes. (Queensiand Department of Housing, Local
Government and Planning, 1933)

Victoria: RRD means (a) subdivision of land into one
or maore lots having an area of between 0.4ha and 2ha
if lots are intended primarily for residential use, or

(b) construction of a detached
house on a vacant lot which has an area of between
0.4ha - 2ha.
(Victarian Depariment of Planning & Environmant, 1882)

NSW: RRD: Holdings normally in the range of 4000-
B00DOm2 and essentially for rural living with littie
attention to agricultural production.

(NSW Depaniment of Planning - 1985 Rural Lands Palicy for
North Coast Region)

RRD: Residential Development which occurs in rural or
non urban locations, generally on allotments which are
of a larger size than those found in urban areas. Land
use is primarily for residential purposes rather than for
agricultural pursuits

{Rural Housing Report, Depariment of Planni

unpubl)

These definitions do not include single houses on rural
holdings used primarily for agriculture which can also
be rented out for residential purposes

“Rural® expresses more the locational and scenic
characleristics of a development area ra
implying agricultural activity,. However agri
of parts of the land or adjoining lands is often gvi
with rural residential living

Rural residenlial development can include options
which provide for a combination of reside and
agricultural purposes. and general rural lifestyle

There is a need to clarily the definition to assist in
formulation of strategies and policies for rural
satilement and living

Given that all types of rural development on the Nonh
Coast are used lor residential purposes as well as
other functions It Is recommended the datini
include all housing in rural areas

should

TYPES OF RURAL RESIDENTIAL LiVing

There are presently a number of different types of rural
residential development which can be generally baged
on locational and land use aspirations.Saa Tabla 1 on
the following page which reflects present Ierature ang
the views of people invelved in consultation and
planning workshops associated with the Study Briet

The main types that have bean identitied are

[ ] rural estates
] hobby farms
] rural retreats
u cluster development
L dispersed households
= rural estates - are generally located in closa

proximity lo urban areas and otten take on the form of
“larger lot urban” estates, Iin some cases linked 1o
urban sewerage systems.

They can be "dormitory suburbs® with people
commuting to nearby sarvice centres for employment,
recreation and other community facilities and servicas.

Most often associated with areas zoned for rural
residential or small lot rural use. People living in these
areas normzlly expect urban type services. .

[ | hobby farms - can be located close o or at
distance from urban areas. Rural lfestyle uss includes
part time agnicultural, or horticultural purposes

] rural retreats - generally larger aliotments
ed in areas with scenic or envil

atures eg. a ridgeline. Residents seek

2 from urban bving

| ] cluster development - includes Multi
Occupancy, CLOS and Cluster Farming and oft
forms of communal land ownership. Normally
assoc with a theme of li

pursuit, of environmer

y based and other
s where a single

on the land parcel




B of types can ocour such as cluster development
- -HNW tarms and residential estates. In these
“Sluations housing Is clustered on smaller lols with the
* Balance of the davelopment area being used for the
“davelopmaent theme. eg. horticulture, consenvation.
1

1t is considered imperative for future rural planning that
tha definition of rural residential development include
he wide range of rural settlement opponunities based
on agricultural and other rural land use such as land
and nature conservalion and rural-residential oplions
such as hamists and villages. The latter often involve
direct links with rural land use enlerprise and
custodianship.

The description of types of rural residential
developmeni should be broadened to Include more
specific reference to purpose and role of the settiement
option eg. farming hamiet instead of hobby tarm,
caonsarvation enclave instead of rural retreat elc.

Table 1 A Classification of Rural Residential Types

This will enabia rural planning to address rural
residential development as part ol a selllemgnt pattern
within the rural landscape interlinked with urban
development, other land uses and custodial elemenis
such as agreforestry, open space nelworks, nature
and scenic conservation

Table 1 below provides a broadened classification of
types of rural residential developmeni for the North

Coast
Figure 1 on the lollowing two pages gives examples of

the typical forms found on the North Coast for gach
type of rural residential development

North Coast NSW

Type Approx Range Existing
of Lot sizes Emphasis

Land Utility Services
Characteristics normally provided

Rural 2000m2 -
estates 2ha

® Accommodation
u Enjoyment of
rural environment

Hobby 2ha - 40ha = Accommodation
farms ® Enjoyment of
rural environmant
= Pah time agricultural
pursuits

" A

® Estatas - range of environs Saaled roads, reticulated
m Normally close 1o urban waler, electrictty, phone
areas Iimproved drainage, can
ba raticulated sawerage

® Small subdivisions and
asiales, Mixof cleared area
and remnant vegetation,

B Dftan good salls and dam for
watar supply.

Sealed of gravel roads
elactricity, telephone.
sometimes reficulated
waler available

® Enjoyment of natural/
rural environment

® Some agricullural
pursuits

genarally » Cooparativa land
over 40 ha Usa and d,

5 G lly isalated from
oiher rasidences,

u Ranga of lopography,

u Graater emphasis on natural
anvironmant

Usually graval roads,
lelaphone, elactricity
{optional), usually tank
or dam watar

L ‘fur-e: according 1o thema of Electricity {optional),

wilh small ® Agriculiure andior care
rasidantial lots of natural envirenment

Disparsed Generally
Housahalds large propernties
: over 40 ha

® Accommodation and
Ifestyle. Part 10
ol tima farming

Cuming, P, 1893,

Tabie concapt based on Tabia 2 Rural Rusidantial Types of & E Qusensiang SEQ oo+
1

wment and group
nesds. Involvesagricultyral
‘and andior natyral Vagetatian

usually gravel roads,
telephone. Can be self
contained for utility
sarvices

'p:::? ::r.lmdeng 10 usa, Imn:| Wida ranga from fully
i gny.n:‘:d 1’0 ::»ush blocks*  reticulated services lo
iy Ance from urban fully sell raflant,
Depandant an location

Rural Resideniial p olicy Papaer,

Figure |.

EXAMPLES of FORMS
FOR DIFFERENT TYPES OF
RURAL RESIDENTIAL DEYELOPHENT

(1) RURAL ResIDENTIAL EsTATE
ﬁ BLOCK DEVELOPHENT

1 PLANNED =UEDIVISION |

| IN RORAL ZONES t
OFTEM NEAR URBAN
FRINGE £ AS LARCE
ESTATED UsuMLLY
OCCUR. UPTD 10 km
FROM  TOwM.

LOT Se=ze
YARIES
QA =2.0 ha

" HOBBY FARMS “
A) BLOCK. DEVELOPMENT

R-40 Heclore SUBQIVISIONS
BASED ON MAXIMUM LOT YIELD.

|4'ha.

TOLDING

| =

| a
(

!:.
I
i/

| A IS0LATED HOUSEHOLDS ow REMOTE
AREAS, UNPLANNED SUBDVISIONS
OF RUORAL LAMD OFTEN W

B) RIBBON

CFTEN ALDNG SCEMI
LEADING TO

]
CREATED AS |NCREMENTAL

DEVELOPMENT OF COMCESSIONAL LoTs
OR. SPOT REZONING. .

B) DISPERSED
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W8Ny of the issues relating to rural living apply to rural
» fhing generally and many of the solutions can be

- Wehieved, # rural living is not investigated in isolation
- But as part of an integrated approach to rural planning.

Care must be taken therelore not to address individual
Issues in isolation. An integrated approach responding
10 the Issues as a whole and to land units in a holistic
and hierarchical sense will allow multiple planning
objectives to be achieved simullanaously.

For example, small rural holdings that are supplied by
a perceived unlimited water supply such as a civic
reticulated water system results in increased
wastewatar to be disposed of. To date issues such as
wasle water management have been generally
addressed in isolation, and for example concentrated
on larger disposal trenches rather than tuming to the
source of the impact such as the water supply. Less
demand for a civic water supply, In tum, places less
pressure on the need for new regional dams and
increased public expenditure.

The range of issues assoclated with rural planning and
tharefore rural fiving is diverse and interconnected. As
such it is dilficult to place all the issues in exclusive
categories.

*The following list demanstrates the diversity of issues:
Natural Systems

Water systems

Soll systems

Habital systems
Almaspheric systems
Scenic Landscape Values

Resource Implications

Agricultural resources

Mineral and quarry resources

Forestry resources

Water and soil resources

Rural character, role and function issues
Urban land needs

Energy demands

Social Issues

Isolation and community living

Demand for utility and social services

Transpon - public and private, roadworks

Conliicting values and interests - eg. larming praclices;
neise, traffic etc.

Local economic development issues

Quality of life and livability of development designs
Land ownership and custodial responsibilities

Servicing implications

Roads and transport L
Energy syslems such as electricity
Telecommunications

Education .
Human services such as health and community
services

Emergency services

Water

Wastewater

Administrative Implications

Statutory & strategic planning

Coordination within & between public & private seclors
Ongoing management & maintenance

Maonitoring

Issues arising from inappropriate planning

Land fragmentation

Fragmented and dispersed settlement forms
Conflicting uses

Loss of sense of community

Land development speculation

Insensitive design response 1o land and resources
Pollution, land and resource degradation

To llustrate that each of the above category headings
are broad and contain further layers of issues, the
category of water systams is divided into further
aspects as follows:

Water systems

(1) Surace water systems
= human impacts and uses
- riparian vegetation removal
- lurbidity generation
- shade removal
- nutrients
- poliution
+ volume ol runotl waler
- increased flooding
- 1ake up of surlace water

|2) Groundwater syslems
- human impacts and uses
- permeability
- quality
- salinity
- pollution
- recharge

Each major issue has similar layers 1o be considered
_l: is not just a case of subdividing land in an
Incremental manner, a holistic and comprehansive
planning and design approach musl be used

Vision for Rural Settlement
on the NSW North Coast Region

- Rural Settlement on the North Coast of
NS':fV will provide a range of lifestyle
options in harmony with the natural and

cultural features and unique character of
the Region ...

Rur:’il residential setiiement on the Norh Coast will
assist in achieving this Vision by focusing on the
following key aspects. They need lo be interlinked 1o
Promote sustainable rural living

= protecting and enhancing
the Natural Environment

= providing Diversity of Rural
Lifestyle Options

retaining and enhancing
Rural Character and Identity

satisfying Land Use
Capability, Suitability & Compatibility

fostering Efficient Servicing
and Self Reliance

encouraging Integrated
Settlement Patterns

enhancing Existing Rural Development

= promoting Quality of Living

establishing Thresholds to Growth

= developing Awareness
and Responsibility

These aspirations relate to the challenge
residential development on the North C
translated into clear Planning Objectives
and resource development and management

& and Action

e provided in

Recommendations for Regional Po!
Plans to meet these Objectives ar
Chapter 9 of this Report

Guidelings should be prepared, based on this Report
providing guidance and direction 1o agen: oups
and individuals involved in rural settlement aspects

Regional Planning Objectives for
Rural Settlement

1 Natural Environment
Ensure rural settiements protect and enitance naturs
featuras and ecological values of the region

2 Diversity of Lifestyle:

Provide a range of sustainabie options for rural fivine
as an alternative o urban living. ¥
3 Character and Identity:

Design rural settiements which retain and enhance the
character of local areas.

4 Land Use Suitability and Compatibility:
Identity suitable areas capable of rural settlemant
compatible with adjacent and other land uses.

S Efficient Servicing and Self Reliance:

Encourage rural settlement located and designad to

reduce economic, social and environmental costs of
TOVIding senvices or is self reliant

& Integrated Settiement:
Integrate rural settlement and urban patiems in a
Gistinctive higrarchy within the Region

7 Enhancing Existing Rural Development:
Adapt existing rural settlements whers necessary to
improve their form and livability

8 Quality of Life:
E

rural comm

munities which promote quality of
vanous stages of life.

out the

-y

8 Thresholds to Growth:
Manage d nd and supply of tural residential in
urban gevelopment within identified

an

arrying capacity of catchmenis

10 Awareness and Responsible Action:
E and fos

seltie

imvolvemnent in




INTENDED RESULT

The intention of the Concept is 1o establish a land
development pattemn and management process which
adn_resse_:s the issues of innapropriate existing rural
residential forms and location, whilst enabling
forms and development locations wh

appropriate to be included and encouraged

o
=

Existing forms and locations identified as causing
problems can be reviewed locally 1o establish ways of
overcoming issues and integrating this development
into proposed settlement patterns and management
systems for the fulure.

The Concept for Rural Residential
Development aims to achieve:

1 Integration of rural land use and settlement 5 Development forms suitably Jn:aled anu
patterns into an identifiable and compati mosaic of desngneﬂ axcr: n; :c land capab
sustainable land management and usage. Fragmented
development, sprawl and extensive ribbon
development will be actively discouraged

2 A sense of community by clustering

and landcare E'hICS which protedl

development into identifiable units rather than
on of

tragmenied and dispersed setllement. Aggre:
land wheraver possible prior to development for
design of rural living and land use options in
cluster development

=]
U's]

3 Provision,of a wide range of living oplicns
within a heirarchy of settiement, from individual
relatively self reliant rural households th 1 levels of

population centres and groups of different siz
small clusters or enclaves, to ha g
through to higher order urban sefflement

redma;cnm:nr
forms which

- 8 Jdenliflcatlc“
retrofitting of exis

4 Broadening of lifestyle opportunities wilh
the hierarchy by encouraging dav 1 forms
which eslablish or provide a range of env
social and economic living themes and
management and social banelits




NATURAL AND LAND USE CATCHMENT:

Description:

Example of
Key Elements;

Intended Results:

CATCHMENT PLANNING APPROACH




SOCIAL CATCHMENT: Figure 9: Social catchment map

Description:

Exampie of
Key Elements:

Methodology:

Iintended Results: * A dynamic information system which

Identifiable area(s) based on social pattems, how people move around and congregate 1o satisly

material, social and cultural needs. and an identifi

le sense of community. Includes historical

context of settlement patterns and land use and ralationship of people to their living environment

and sense of place

Human settiement
* shopping, com
m

* socio-econo
y U:I"'L’T!I..II'\I‘I. oG

Depending upon level of plann ing unil
:rﬂgrrr‘_.aiisn required, compile cuftural and social Servicing maps using
ABS figures and other survey and research information, social and demographic profiles
information and service ne
calenders community groy
economic analysis {includ
Prepare a profie and m
and services, as well as o

can be updated over ime prov
review of developmant rasulls a

* Cultural and Social Servicing Maps ident
of human movement and cangregation,
boundaries of servicing social needs

" Use of graphic, photographic and video
2asy lo read information and graphic or

* Inegrated systems appro

* Cooperative aclion between

communilies. Forums for <

P

based presentation material. Preparation of
mMapping presentation ]
lo providing services and iden i

Cal government, interest groups and lecal
ial and economic pl

itying hierarchies of community ident ¥, patierns
access 1o services and facilities, thresholds and

g gaps and thresholds

C planning at appropriate Catchmant lavels

Figure 10: Services catchment map

tive services, infrastructure, and
d communily Dasec organisalions.

Example of
Key Elements:

Methodology: Depending upon le
required, compile sernv



Sustainable Settlement Design

Summary/Checklist for
Key Elements of the Design Process

Settiements may include: \
Intentional rural land-based communities,
ecovillage projects,
hamilets, villages,
urban residential development,
co-housing,
housing cooperative,
expanded household,
revitalising existing communities and settiements

Evaluate the site for settiement

.

Bio-physical characteristics
and features of the site are
identified and recorded

Land capability is determined
and land management options
for each land class are identified

Existing site infrastructure is
recorded and mapped

Areas at risk of soil degradation
are identified

Native vegetation is classified
and condition is assessed

Endangered species are
identified as appropriate

Other natural resource issues
identified as appropriate to the
property

Suitability of the site in terms of
the project strategic plan
framework is assessed

Qase plan of site is prepared and
site characteristics are recarded

Bio-physical characteristics and
features may include:

Catchment context,
topography, aspect, slope
ecology and natural resources,
water resources,

climate & seasonal factors,
accessibility,

soil condition and stability,
drainage.

land use potential,
exclusion zones,

hazard vulnerability,
carrying capacity,
neighbouring land use
compatibility

Natural resource issues may relate

to

=
0
"
.
-
.
-
"
"

stock grazing pressure,

feral animals, pests

wildlife, habitat, corridors
weeds, noxious plants

human impact,

cultural practices,
contamination, pollution
agricultural chemical drift,

fire, flood, natural disaster
reintroduction of native animals,
legislation,

management advice,

heritage agreements and othar
issues.

Research and evaluate other relevant information

Community consultation is undertaken to identify values, expectations
and personal goals of the people invalved

Current rel_evant legislative and planning requirements including land
tenure options impacting on the settlement are researched

Preliminary information from consulting team and experts is obtained
including engineering reports and wildlife surveys

Environmental information
about the site is obtained

Develop a social strategy

Steps required to implement
strategies are logical and
capable of implementation

Strategies are clearly
formulated and made available
to relevant parties for
comment, where appropriate

Strategies include consultation
with all relevant parties

Opportunities and constraints
to social development are
clearly recognised and
documented

Develop a concept plan

Concept plan is prepared to
illustrate the location and
layout of proposed settlement

Consultation with existing and
potential stakehclders is
undertaken to agree on
options and approaches for
development

Consistent graphic style is
used to present the concept
plan

Information en the plan is

Social Strategy
will address factors including

Full lifecycle

diverse housing and social
needs, accessibility

safety & security

privacy,

personalsation,

informal contact
community facilities,
recreation

flexible spaces

aesthetics

sense of place

affordability

economic viability
enterprise and employment
opportunities

gender factors,

cultural factors

education and information,
community governance and
resgurce management

Concept Plan may include

Intemal zoning

placement of lots, housing, building
envelopes

utilities & infrastructure

roads and circulation systems
drainage and stormwater systems
landuse systems

passive and active open space
public landscapes

enterprise and business
Community/Public facilities




PRINCIPLE3  THE FIVE KEY PLANNING AND DESIGN ELEMENTS
relevant and clearly communicates development works to be {ju.ml Residential Developmant through Strategic and
undertaken Statutory planning processes will need 1o encompass e ent System relies on the p
:a_rCT_S:r-TTLne 5 KEY PLANNING AND DESIGN ments being achieved by .,..1'
Hficati n the plan to assist in plan i 5 which together meet the Planning :elapment lypes, location and forms )
_Notes and_specmcahuns are included o P p Sl velop o oy S
interpretation. 5 These Indicators are used al each lavel of plan
7 . 4 X X and design from Regi | 1o Local decisionm
+ Concept plan is evaluated against the strategic plan for the project : and land use . This includss: elic

Regional Planning Strategies

it
De ma lan for settlement S Lz y
ESD L fnagement p 1 el e e " Sub Regional Calchment Straiegies

- Guidelines and strategies for implementation and ongoing management

are outlined 'P'C':_fclg-na : v 2nt Rural Residential Strategies and

es \‘-,;_,35 URE > | 1 t Patiern Concepts
Indicators and benchmarks to measure actual performance are specified . E
i 3l Environment Pians, Rural Precingt and
i i Propery De nt Control Plan
Strategies to address natural resource management issues are eny Control Plans
established

; Propenty Development Proposals, Development
Figure13. Integrated Planning & Design Elements Applications and Development Reviews s

Plans to repair land degradation are developed
g 1 PROT

Plans to address fire risk and fire management are developed as OTECTING THE ENVIRONMENT
appropriate or required in accordance with guidelines and legislation Does the rural residential provide for

Maintenance of water quality (eg. stormwater control, waste w treatment and disposal)
Catchment management, riparian zone/walercourses protection
maintenance of freeflow and recharge of groundwater
Protection of air quality (poliution, dust, noise, smell)
Protection and enhancement of soils and eanh structure
Management and protection against soil erosion and land slip
Protection, management and enhanceme fi
Connecting wildlife corridors withi

No or minimal pollution or con:

Management , re-use and r

Conservation of energy in ¢

Protection of visual amenty

2 PROVIDING FOR PEOPLE'S NEEDS

Is the nyral seltle

= Provide for human comic

= Provide access lo ex
recrgalion, employmen
Eslablish servicesdacil
Reduce or avoid haza




'3 COMPATIBLE LAND USE & CHARACTER

e
Is the rural setilement located, designed and have management provisions to:
= Raduce or avoid contlict with surrounding and nearby landuse eg through appropriate
location, access, theme, design, buffers eic. B
Identify and enhance unique character of the area (historic, cultural, natural)
Protect and or enhance the visual and scenic amenity of the area
Integrate with or establish a broader and positive social characler for _1ne area
Provide privacy within the development area for residents and for acnaae_nr rasidents
Encourage co-operative or compatible Iiving within the development and if relevant
with adjacent landhelders y :
Enc:ud}rage awareness and education of residents in regard to compatible living
Promole interaction within the development site and with adjacent and nearby landholders
In regard to landcare, community resource management, and emergency procedures for any
recognised hazards in the area

4 EFFICIENT SERVICING & SELF RELIANCE

Is the rural setflement designed, located and does it include provisions for:

®m Linking into existing ulility and social services without adding unsatisfactory pressure to the system,

or as an allarnative provides for Increased self reliance in utility and social services
= Maximising self reliance in water and wastewater treatment
m Optimising solar aspect and solar access for housing and other commercial options
» Encouraging energy and walter conserving technologles
= Environmentally sound solid waste management and recycling
= Reducing mator vehicle dependency andior encouraging eflicient use of vehicles
|proximity lo village, access to public or private bus service, vehicle pooling opportunities elc)

® Appropriate road location, design, width, natural drainage systems, and efticient and low energy

dern«?nuing engineering technigues in construction and maintenance of services and facilities
= Efficient fire hazard reduction systems and fire lighting equipment, hydrants etc

= Managing the land area and Population in regard to land and resource cansarvalion, weed and feral

animal control, hazards eg. fioods, bushlires, drought etc.

5 FOSTERING COMMUNITY RESOURCE MANAGEMENT

Does the rural settiement provide for and encourage:
= A legal structure and land tenure systam 1

= Individual and community respansibility for community resource management

= A range of opportunities for managemant in

mmmuni?y action in resourca management

= Community education eg, land management practice, rural living, conllict rasalution
& and other community inftiatives

asle management, water Quality, enviranment protection elc.

0 facilitate community management of appropriate resources

Tput, level of involvement, and potential employment and/or

n  Propery

)

EXAMPLE OF CLUSTER PLANNING AND DEVELOPMENT AT PROPERTY LEVEL
IN LOCAL PRECINCT CONTEXT:

The following examples are provided of a propeny being developed within a Disirict Sub-C
Rural Precinct, comparing conventional subdivision methods and the cluster approach
Study using a development area Implementing the cluster appro. N
?_also provides examples of Cluster Development at property leve
Figures 17 - 20 are linked 1o the adjacent text explaining the ar
landform and land use of the site (fig.18

(tig. 19), and an example usingthe cly

RESPONSE TO 5 KEY ELEMENTS USING EXAMPLES OF EXISTING FORMS AND A CLUSTER MODEL

Catchment Planning and Settlement Pattern Contexi:
® The development site is located in

Precinct which includes major nature co
(National Park) and foresiry areas (Stat

® Involves a marginal agricultural are:
been extensively used for grazing. Adjacent pro
1o the south is a grazing property.

® Sealed road access is available 10 the propery
boundary. Electricity is only reticulated sen

= An adjacent Village Centre Precgingt prov
opporiunities for wider social interaction and ra
services. The public bus service which pas

to the north.

® Approximately 2km of undula
village which is suitable for bic
the propery

Figure 17 Example of Catchmanl context

Property Landform and Land Use Map F'ROD_ERTY PLANL\IENG_
m The propery has a
adjacent State Foresi an
remnant forest cover on'a soultt
the State Forest and
area of rainforest witt

m  Adjacent land v
Forest, and a farm w
conservation, bullers, lire

= Range of land ma
degraded areas, erosion of s
infestation, lack of tree cover etc

resently being used for
land ma




SUBDIVISION APPROACHES CHAPTER S COMMUNITY TITLES

Figure 18 Example of existing subdivision approaches
ol lssues with existing approaches:

r,‘c.mmunn;.f Title was introd. ed in NSV in 1989 1o
2s a composition of freenold |
' Fragmentation of natural environment. Different S accommnc_m-z Community T
Managemant regimes likaly for indiividual iots SN ~ Cluster Titl
Possibilty of weed problams and damage to 7 T
jon values including creek

tle is 1
and in Queensiand und

' 11 {idis including loss | A :
:om h(sI:'a;:;.:lncul. bullding sites including los \ * joint ownership of comm:
good 50 S > * legally binding by

. lion issues
A number of lots have land degradation i - landscaping and archit

Potential incompatible uses batween lots and with

adjacent landuses Using the earlier property example trom Chapter 4, figure 25 below shows a8 Community Title cluster

development, the text following describing potential benetits flowing from this form of development

Loss of efficient servicing opportunifies and ey L
dupfication of services vatsglntiier 3
anti | char,
Potantial loss of rural character e
Polential loss of agricultural opportunities
Council has future responsibility for the road

Extemal bodies deal with number of lof owners
on issues

Water caichment

area
CLUSTER MODEL APPROACH

Figure 20 Cluster model approach
Example of Resolving issues:

Natural environment and riparian area are
protectad including coordinated manageman action

arourside i
All residential lots have good siles and ac
and solar access lor efficient housing

Ty

Clusier development of residh

Degraded land has been incorporated into tand

« optimal siting of resid
managamen! plan including erosion cantrol

—

« betler pl:
Protectian of rural character.

= less infrast
Potential agricutural dev

e

_g«_ﬁ‘g_t‘z'_{,-‘—"q

g8 manag
Efficient extenal utility service Provision with

opporiunities for water provision uging dams

« cohasive fire reduction srategies

Compatiole land uses planned including butters and
integration with neighbouring land usa and fiatson

= common walar slorage and ralicuiation sy

Imernal road and range ol community fagil
provided and maintained by residents

= gpen space and recre

les are




NITY TITLE MANAGEMENT

hunity Title s a flexible form of tenure enabling 3

| #ange of various management structures and methods

- ihese can cater for varying levels of interest in
‘management panticipation by the individual freshold iol
ownars.

Tha abllity of pacple to work logether depends upan a
range of factors and is betier facilitated through the
eslablishmant of a common goal or vision (theme)
tagether with a clear framework for decision making
and oplions regarding the individual's level of
Involvement. These oplions can include contributions
ol time (labour), kind (materials, equipment) or funding
(levies).

In a situation where people do not wish to be actively
Involved, the Community Association can employ a
pan or full time manager 1o underiake community
responsibilities, and/er ather people 1o underake
specific management tasks. Employment and small
busingss opportunities for residents or people in the
wider community can occur e.g. general land
maintenance, slashing, tencing, road maintenance,
tree planting, weed control, lease of agricultural land

The Community Association provides a single entity for
communications with extemnal bodies such as Bushfirs
Brigades, Local Council, neighbouring landowners and
management agencies, as well as for contracting
services for sewage trealment, road maintenarnice etc.

This principle of land management in contrast (o other
existing land tenure structures used for rural residenlial
development provides the lollowing benefils:

* instead of involving public tunding (rates) 1o maintain
resources, private capital is provided by the users with
polential o generate employment,

* reduces problems of Iragmented land use praclices
and conflicts (e.g. fire, pollution of water ways,
chemical vs organic production and weed control)

+ reduces maintenance liability and cost 1o the
individual through a smaller area lor private use and
shared cost of community land developmen and
management, and potentizlly eliminates duplication of
equipment and infrastructure.

= establishes ial sense of
goals for common land, collectiv
management, lot owner inter
opportunities

ity with broad
€ resource and fand
action and Support

STAGED DEVELOPMENT

NEIGHBOURHOOD AND PRECINCT PLANNING

A community title can be developed either as a single,
one stage development or. released in stages over a
period of time as a number of neighbourhoods and/or
precincis. These separate neighbourhoods can provide
their own and also share common facilities and land
under a range of tiered management structures.

Advantages of staged development include:

* reduction in development costs: with large
developments the initial up front capital required to
complete capital works, pay all Section 94
contributions, and subsequent high interest rates adds
a substantial amount onto the cost of lots

* stages can be released over lime according lo market
demand or can be regulated by local government

= the overall Community Title plan retains the integrity
of broader landuse planning and management which
could otherwise be compromised by smaller
fragmented and piecemeal separate developments

* lulure development lots can be reserved under the
community plan, available for future design and
development appropriate to changing communily
needs and Council policies and strategic planning
goals

* precincts and neighbourhoods under the one
community plan can be separalely zoned e.g. a
village/urban residential zaned neighbourhood and a
rural residential neighbourhood sharing a common
green bell, recreation and community facilities as a
buffer between them

This provides an excellent means 1o create an urban
everlay it required for rural residential land close to an
expanding urban centre This land development
approach enables imporant social, natural, cullural
and land use characteristics ta be relained in the
Process of urban expansion and consalidation

See diagram and commenlary on page 45

Examples of Community Title Development

The following Pages provide an example of developing
2 property using Community Title through varigus
slages, Involving a single tier 10 a more complex
management structure, based on the further stages ol
the development concepl. Figures 28 (singla liar), 27
(two fier}, 28 (lhree tier) assist in describing the
managemeany Structures available

SINGLE TIER COMMUNITY TITLE Figure 26 Single tler managemer
' e e e
Rainforest Remmant P

7 i
Single Level cT.
Cornmonity COMMUNTY
Land ASSOCA AT o0y

o o
o I AT

Figure 27 Two tier management

Rawforest Remmant . .;g-ku_—\.av".

Tvo -Tier Management
P Conmoaity

Land L) CoMMONITY
A% ASSOCIATION

[ NEisEBaS000 | | Neswinoursces |
NE| ! 3 b T

2224044 Absate

recreiad Lo

- each neighbourhood manages its own Ne

+ allows lor smaller management gre

« residants of all naighbourhoods ¢

« Communily Property is accessible to and ma

= Neighbourhoods can ba reléased in stag
and development




URBAN OVERLAYS :

3 : Urban overlays have been sungestad and att ad means o enable closer settlament 1
k : nity title can also involve Precincts which Gl ggested and altempled as a means ) se
b 40 the Community Property and Neighbourhoods, 8 commu ty cl dae 0 AN BXAlInG O Do g Hrar ) o e R et o o

I i . 3 i lity in terms of lot size, management ;
| their own Neighbourhoods. This design approach provides flexibility : include ditficulty to develop on a planned or slaged basis, Ioss of amenity and open space values
theme developmean and land usage cases contribution to sprawi

4 : ins two initial rural residential neighbourhoods, y )

In ihis example shown in Figure 25 below, Community ﬂm‘_accipﬁ os;.e—in-t containing three neighbourhoods for Community Title provides a mechanism In conjunction wit

#olowed by later development of a villagejurban zone reside é”d[ 35 r::pnate e bomentiar kit needs ¢ space network in advance including consarvation areas, sl
siaged relaase, and & future development lot which may be zoned lor app S community space that will ramain throughout the development process

Balined by Council and the development propanent in consultation with the communily

The open space could be fully transterred to Council as development
ways and communiy facililies only, the baiance retained as priv
Council costs and responsibllities

In a similar manner community facilities and utility servi
upgraded or enhanced as rede ment occurs. Manag
neighbourhoods or precincts within the development area

Staging of the development can be controlled by Council as it de
a broader settlement sirategy. Lot purchasers would acgu
Building envelopes could be used lo ensure dwelling sites do

The Example shown in Figures 29 (below) and 30 (p.52) : A rural i : t
of an existing village area which is proposed lo be expanded 1 eslate area in the future. The
first stage of consolidation has occured in half of the western neighbourhood. The eastern portion of this
neighbourhood will be next to develop, followed at a later date by the eastam neighbourhood

Figure 29 indicates the location of the proposed rural resident = ) d in the expansion of the
village. The diagram on the next page indicates the overlay co

o~
4 URBAN PRECINCT
. -3‘:|p{5} . tourist accommodedion
=) Sark, deatial

_The Future Development Lot can be held until development is :\::.'d”'- ‘.—.Vm-éeg'bﬁm"a' i
required. This allows detailed design 1o be delayad until the
parcel is to be developed and so better address specific 1u1ure. i
housing _and l_ancuse needs, or rezoning for urban residential or F!gure 28
non-residential use e.g. conference cenire, resor. Three Tier Management

shops,
commarce, racreation, light indusiry

This could be further residential or a non-residential | ComMONITY

use within
the contex! of sutrounding fand use and sirategic pianning ESSOCANTION

The development process resulis in three fiers of management Precinct
{see figure 28 opposilewith each neighbourhood of residential | il
lots having 2 common area to manage, as well as input inty the
common communily land. They can also be the development
proponent through the body comarate of the next stages. This
arrangement could include the initial developme y
may have retained ongoing interest in develapment of the ! e

COMMTENIRY M Pepdcy RURAL RESIDENTIAL with
URBAN OVERLAY

- s -1
Wk | v

-_ Rahan ViLLace
ni proponant who EE R a4 .
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FIGURE 32,

THEMES FOR DIFFERENT TYPED
FARMING HAMLETS :

| + COMMERCIAL FARMING
ENTERPRISE oM Common
LAND (eq DRy, AqROFORRITY,

* MIXED LANDUSE

2.4 TEMALITURE

,.2.1. el Lo RnGRIAL © DoegsTic
ool Plobdcioay ANimALy (aptuaT
LOWLDLIFE., TOREST ek

TABLE 3

TREATMENT AND DISPOSAL ALTERNATIVES

ALTERNATIVE DOMESTIC TREATMENT SYSTEMS

Primary systems
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Septic tank
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FIGURE 37.
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Jarlanbah

Permaculture Hamlet
Information sheet

. Tenure: Community Title
Residentiallotsare freehold ttle with
joint ownership & management of
33 acres common land (neighbour-
hood property)

43 Residential lots, each approx 2,000
square metres (half acre)

Community Land is divided into
Ianduse and management areas:
« Woodlots

OCI0

. [kms & water system
* Open space & community centre

Services:

Electricity: underground power re-
ticulation is owned by the commu-
nity. Households can have 240 volt
power with 20amp limit or 5 amp

tricklafeed

PERMACULTURE HAMLET
NIMBIN
NEIGHBOURHOOD MANAGEMENT STATEMENT

ticulated to il it
Ppays'basis
Phonelines ins
for 80 connect:

PART1 BY-LAWS FIXING DETAILS OF DEVELOPMENT

This section can only
be amended with

unanimons consent of
all lor owners

Aims and Objective:

l.ua:-lr.g 2
Modification

truction on Assodation Pre

iperty
No Inappropriate Use

Residential iots have been Jocated according
tothe following criteriar

* jorease
macs

* 10 provide direct fot acoess 1o cor

of vehicuiar access from intermal

h) reduce fire nisk through the use of fir
retarding plant specics

not involve the use of any natural or

S""."?

* for madmum solar access Jcr passive
solar house design

* toallow a buffer zone between lots 2nd
gully and dams for water catchmen:
protection

» toalow for afire break botween losand
woodlos/ miorstation arcas

Landscape Standards:

Landszape designs for allotments shou

2} 2im to oeate 2 functional and pw.t‘\.cm
ecosystem through the application of
permaculture d .es'

the enerpy efficiency of dwellings
¢ natresnct the solar rights of naighbours

r-off o site and leaving the site
creates no damage and confains no
eonamingns

] :rs-.s' of o bess than

snﬁ.ﬁ wi ".m the total Iznd;abe plan
habitats for natural pest

in no more than 20% of the tom
sCape 25 permanent lawn

lifestylafactore
Dl areate 2 plezsantindoor microclimate
through
z
= theapplication of solar destan principles
= eflective useol passive and activesolar
techinol 0g1es and deviess

* 3ppropriaie plarement of verandahs,
PerRolas and soler screens

© Sinngand arienmtion for maximum
effickency o

= insulation, ventilation and the use of

Fixing of Signs

PART2 RESTRICTED NEIGHBOURHOOD PROPERTY

ighbotirhood Property
o can only be altered
pproval of all people
d 1o use restricted
neighbourhood property

Reafforestation Area
Woodlot Area
W

bourhood Assocation Not 1
on Overdue Money
PART 3. MANDATORY MATTER
Private Access Ways
Internal Fendng
Insurance
Executive Committes Proo
1) should have 3 minimum of two hibiah dad,Secte g
TRIMWALEr SIOrage tanks, one for drnks,
the other for bathroom /laun
with a minimum total hol
45,000 itres.»

) conserve domestic water co

[)iulnm._ﬂ
Disposal -
|tLI i Power

PART 4
Storage of Flammable Liquids
Keeping of Animals
Neighbourhood Assodation
Proprietor and Ocouple
Permacul ture Training C
3|

OPTIONAL MATTERS

Jontre
ghbourhood Assoa
Neighbourhood Assocat P
seighbourhood Assodation’s Tra
PART S BY-LAWS REQUIRED BY FUBLIC AUTHORITIES
No Obstruction of Acoess
DEFINITIONS, INTERPRETATION AND GENERAL

d Giéneral

PART
Definitions.

PART? CONCEPT PLAN
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RESIDENTIAL COMPONENT
AND ANCILLARY
AGRICULTURAL FACILITIE®
PESIDENTIAL AREA
s Floodfree, level to gently sbpng mre
» Range of bt saes linked fo ag-apllos
enlerprise - land by land title

* Community Faclitics
* Agriculivre ¢ Froduction Faulidy
(Distillcry ¢ Byproduct Storsae |

- Sex Dralt Concept *Pramd =

FARM CONSERVATION
AREA | (7o € AN

Brolgn breeding ¢ vildhfe refuge
Proposec! ‘bedihide” ¢ lew hey

dion use X
Szl:‘?ﬁdd' ock ™ - regeneration o
welland vegefation to sbstpncilly
increase welland pres
Ma(f:-a; welland addition 1o exsiing
area o inciude buffer 1o crope
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< la)
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TERTIARY TREATHENT POMD
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Proposed
EXPANSION
AREA for
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SERVICES
* Ealend fupgrade. exisling power, water and
I(a) lelephone. services fo wll lots
« Form access rond ¢ upgrade d requred 7
+ form service road 1o resdential precnchy
snd communify facility (Ses Plan3 )
* Community package Sewmge. Treadmernt
works hnks mndividusl sephe tenks 1o
cenfral holding peint ¢ pekshed vie s
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SUMMARY OF MAIN PRINCIPLES

CATCHMENT PLANNING FRAMEWORK

Understanding the nature of the Catchment.
Knowing its values, limitations and challenges
Recognising layers of sub catchments and
rural precincts with their own character.
Implementing Total Catchment Management
principles and developing a Landcare ethic.
Encouraging cooperative planning and design

n
foom. Dikcm Vloge i

ea e )

Tor sty Lo

Coormrnundy Tt Burc Homist

Primocuttune Des

n

SETTLEMENT PATTERN DEVELOPMENT

Interlinked network of differently sized and
serviced human setliements

Recognising and promoting development
lorms which create or enhance a sense of
community

Pmlecting open space and conservation
values, agricultural, extractive industry and
sustainable energy production opporiunities.
Identitying and accepting thresholds for growth
Developing and acknowledging service
heirarchies and encouraging self refiance,

1738
Ptz Feorce - Magust 1973

ond Des

i
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CONCEPTUAL PLAN

MACULTURE SYSTEMS

iel
o

KEY PLANNING & DESIGN ELEMENTS

Use of the following crileria for planning,
design and development evaluation;
Protection of the Environment

Praviding for People's needs
Compalible Land Use and Character
Eflicient Servicing and Sell Reliance
Community Resource Management

ETM}E-C-[E"J PLANNING & DEVELOPMENT APPROACH

PoLICIES Encouraging cluster development al each lavel

=4 BUITELINES of Calchment Planning.
* Providing responsive planning strategies,
Sefice policies, standards and guidefines to assist in
TN T i establishing appropriate pattems and forms.
Using Calchment Planning and Pattem
Development 1o select suitable seltlement
m locations, types and forms.
Applying Planning and Design Indicators 1o
measure polential and actual parformance of
PARTICIPATORY SETTLEMENT PLANNING g‘::-‘;;lqmavrfroa:-"fs. locations and torms of
ve e

Establishing and lostering a local and regional
community planning focus fo assisl in
Cooperative design of rural setliement patierns
Discovering and develaping living thames
Researching and testing development ideas
Using visual and creative matenal 1o explain
development and setllement concepis
Gathering and sharing informalion

Evalualing planning and selllement results
using the 5 key indicalors.
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Planning & Design Parameters

1. Planning:

Vision (key goals) - Purpose . o
Objectives - how to realise vision
Strategies - Ways to achieve objectives =
e.g. Natural Envmt, Built envmt, servicing, work,
managment systems
Action Plans - Doing it

Priorities!!!!

2. Key Design Elements

Natural Environment

Biodiversity
- Existing veg/habitat
- buffers
- links
- expansion etc
Landform-contours, shape, aspect, fall
Geology, soils, drainage
Catchment context
Water - sources, flow, quality, potential uses, eventual flow
Climate - winds, dry/wet season, microclimate, rainfall
Views - scenic, visual amenity, visual pollution

(b) Providing for People's Needs

Hardware/software; On/off-site needs; W,

o

Hazards
-

ork Options on and off site
old needs, materials
covered, uncovered, built & ‘natural’

Shelter - solar access, privacy, househ
Meeting places
Property safety
Vehicle parking /storage

Access and mobility (see also.transport and servicing)
Schooling, pre-school, day care, adult/tertiary ed.
Health services - on & off site :

Specific needs - age groups, disabilities

Sacred places - ritual/ ceremony/retreat

Recreation aspects - on & off site - active/passive

Flood /flash flooding

High winds/cyclone/severe storms
Sail slips/earth movement

Toxic or contaminated sites

Farm machinery, activities
On/off site pollution (air, water, w|

* Waterways

* Electrical storm
* Extreme cold?
* Bushfire

* Traffic, vehicles
ind borne, noise)

(<) Compatible Land Use & Character

Sphere of influence of activ

structures eic

(smells, sound

Al impact, feeling of space etc)
ar boun

land use
tural/oth

lopment

cu
* Dev
LR
Architectural guidelines
* Sense of place

and use

pacts

tor i]‘.l].‘.':l’.':

Co{) Community Resource Management - On & OFf site
¢ Common lands - bushfir emergency requirements, weed control
) conservation/regeneration, walkways, transport, roads,
gardens/orchards, buildi woodlots etc
* Business enterprises
e Legal & Admin. structures
* Management pl & documents
* Decision making process

« Conflict resolution and mediation process/options
* Financial strategies - maintenance costs
} 4 b 7
* Landscaping - e.g. Or red throughout rather than all together?,
woodlots for firewood

hards sc

* Climate control

* Food & fuel

* Habitat

Privacy: Ewvergreens tor Windbreaks, Vines/ Cl

bers on Trellis

) Community Buildings & Recreation
+ Define needs - note proximity to }
« Shower, toilel, kitchen, la
* Arts/crafts, workshop, cor
* Meetings (indoor/outdoor)

* Commerce: Food co-op, cafe, busi
Computer/ modem/ printer)
= Social/enterta
* Active recreation: handk : :
swimming pool or dam. horses (yards, trails etc)

her settlement orders & facdlities

s (fax/photo copier

music, dance, celebration

all, tennis, field sports (cricket/ footy),




(e) Servicing

Access & Transport - On & Off Site/links
On site & property to outside world .
* Pedestrian, vehicle, other paths, roads, trails
* Design/Style - Surface finish/customer technique grades y
Radial vehicle allows pedestrian access to city /town/village centre

P

!,,é\.k!%%r"

Issues
* Traffic on local roads - potential for mini bus
* Flood free access?, Emergency needs (e.g. bushfire access) .
* Multiple use - ‘Green Street' (traffic gives pedestrians & bicycles R-O-W)
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Water
* Potable - drinking and cooling
* Non Potable, fire fighting, garden use
* Landscaping - beauty/visuals
* Economic use - Crop irrigation, aquaculture
* Nature - habitat, wetlands
* Drainage - swales (which way to direct water - purpose or use?)

—Bi-
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Power/Electricity
Design impacts (e.g. underground trench v's overhead/bundle cable)
Overall energy equation: Common/grid interactive v's stand alone

PELEAS DM 304 OL NOLLNI BN TUALONKLS 2130 Swan

Options

*Wind - need a back up, visual impact/cost of construction

*Solar - cells, stand alone/ community system/ grid interactive

*Biomass - Wood, agricult waste, garbage etc...(solar energy)

Hydrogen, charcoal, methane, Food fertilizers,chemicals, by-products

= Wood - Airtight stoves, woodlot - [ess energy, fast in conversion than other
systems (excluding solar)
issues: carbon monoxide prod., CO2, smoke pollution (cold climates)

* Energy managment systems to demand/use - energy efficient appliances
Size of wiring and energy system; house and structure designs:
education e.g. energy.outlets at via readings at each house,
solar hot water and insulation of buildings

oz
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Telecommunications/fibre optic

Sewerage
* septic/bio - biocycle, septic + wetland treatment/ green belt etc
* composting: dowmus, clivus multrum, rotaloo, closet deposit
* Brey water treatment & management - re-use
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Cohousing

i i ly participate in the
Cohousing is a type of collaborative housing in which residents active i
design arrg opertgﬂon of their own neighborhoods. Cohousing residents are consciously
committed to living as a community. The physical design encourages both social contact
and individual space. Private homes contain all the features of conventional homes, but
residents also have access to common facilities such as open space, courtyards, a
playground and a common house.

The six defining characteristics of cohousing:

1 Participatory process. Future residents participate in the design of the community so
that it meets their needs. Some cohousing communities are initiated or driven by a
developer. In those cases, if the developer brings the future resident group into the
process late in the planning, the residents will have less input into the demg_n. A well-
designed, pedestrian-oriented community without significant resident participation in the
planning may be “cohousing-inspired,” but it is not a cohousing community.

2 Neighborhood design. The physical layout and orientation of the buildings (the site
plan) encourage a sense of community. For example, the private residences are clustered
on the site, leaving more shared open space. The dwellings typically face each other
across a pedestrian street or courtyard, with cars parked on the periphery. Often, the front
doorway of every home affords a view of the common house, What far outweighs any

specifics, however, is the intention to create a strong sense of community, with design as
one of the facilitators.

3 Common facilities. Common facilities are designed for daily use, are an intagral part
of the community, and are always supplemental to the private residences. The commeon
house typically includes a common kitchen, dining area, sitting area, children's playroom
and laundry, and also may contain a workshop, library, exercise room, crafis room and/or
one or two guest rooms. Except on very tight urban sites, cohousing communities often
have playground equipment, lawns and gardens as well, Since the buildings are clustered,
larger sites may retain several or many acres of undeveloped shared open space.

4 Resident management. Residents man
perform much of the work required to main
preparation of common meals, and meet r
for the community.

age their own cohousing communities, and also
tain the property. They participate in the
egularly to solve problems and develop policies

6 No shared community economy. The community fs not a source of income for jts
members. Occasionally, a cohousing community will pay one of its residents to do a

specific (usually time-limited) task, but more typicall
f tim ; y the work will be considered th
member's contribution {o the shared responsibilities S

A housing.ora/




COHOUSING How Cobousing Works: The Trudeslund Communiiy
— - fe

= A section throwgh the site shousy

the relationship between priva
|~ semiprivate, and common
areas.

Basamant Lovas

Common bovcse flooe plavr § dions ot
£ g room, 2. Bchen, 5. TV ro, ¢
et reom, 6 chidren § pellow rocm, 7, ehildren § room,_ 8 nhar_a_“;:‘-«.u

10, teems o, 11, iy
15, w16 by 17, ¥ P darbvoom, 13 frocae, 14 fernace

Excerpt from the Permaculture International Journal, #46 page 16, 1993

showing artists impression of Village Layout and Site Plan
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vation and the encouragement of cul-
tural activities such as the ans. |
Australian Projects

Cascade Cohousing is based near

Hobarl in Tasmania. Planning began

over 1B months ago and the project is

now well into its establishment

phase. It has State Government back-

ing which makes it one of the first

of its type in Australia to gain

governmen! support. The

site covers an area of 2

acres (0.8 hectares)

and will provide

Residents

will finance and

build their houses al-

though Cascade has

some caveals on the type of >
housing and materials thal can be™:
used.

The Halifax Project js a large
ecopolis and cohousing project in
Adelaide, South Australia, which has
been initiated and designed by Urban
Ecology Australia Inc. and Ecopolis
Piy. Lid. The project involves the
creation of an integrated city block
with housing, commercial and social
facilities. The Halifax Project is be-
ing supported by a number of groups
including the Australian Conserva-
tion foundation (ACF). The ACF,
one of the leading Australian
environment groups, sees the Urban
Ecology project as a model for how
to restructure housing and industry

The design features medium density
housing, passive solar design, mini-
mal impacl building malenals, inle-
graled planning and panicipatory
management.

e

KOORINGA | COHOUS|Ng

3

5

Kooringa Cohousing

A cohousing development s
planned for the outskirts of Burra, @
town about iwo hours drive morth of
Adelaide, South Australia.

Burma is a conservative farming
community; mainly sheep and cereals
and the climate is semi-and iemper-
ate. The location provides the advan-
tages of living close 10 the town and
its facilities vet rewsins a rwal out-
look.

The project aims 1o creale a diverse
community of families and individu-
als from various economic and cultu-
ral backgrounds and 10 provide al-
fordable, energy-elMicient housing

The site is 2.05 hectares and the
developers are looking 10 provide a

i &= Pay

holds in a meds-

um density devel-

~  Opment featuning

= clusiered housmng and

shared facilities.

Sustainability is 2 keynots

fior the project and permaculture
principles are incorporated in the

design.

Adjacen! to the project sile is 2
2225 hectare block which has beea
purchased with the intention of de-
signing and developing rural enter-
prises and a demonstration permacul
ture farm.

One of the designers of Koonnga.
Colin Endean and his wife Anthea,
have bought a property in Burra nsell
intending to establish a permaculiure
institule for dryland South Austraha
Colin exemplifies the philosophical
basis of Koonnga when he says.

" | tend 10 see co-housing as an um-
brella that gives people permiss:on o
experiment and define how they want
w0 live . . . cohousing is a people’s
movement that says “we wani io hive
closes together and share {aciliies be-
cause il enhances our own lives”. By
enhancing ow social hives we 3l
learn to tread more lightly II"-' 4
Iy on the Eanh _
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Social Responsiveness

Cultural Respact

Hazards

Bulldings
H  Landscape
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CONSTRUCTION GUIDES

4

Specific guidslines and

miscallanous aspocts not

coverad in Section 3

MANAGEMENT GUIDES

5

Evaluation Program
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3.1 Kay Functional Areas

Energy

A

Water

B

Waste Water & Sewage
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Section A

ENERGY |
—_—

‘Key considerations

A1.1 ENERGY OVERVIEW

Energy is an essential resource for
economic development and human well
peing, yet it's use contributes to some of
the largest environmental erises
currently facing the planet.
Energy is a key factor in determining the
ecological sustainability and integrity of
a development. The primary areas of
consideration in energy auditing are

i. generation / production

ii distribution

A1.3 SOURCES OF ENERGY

Non-renewable (imported energy):
Grid electricity
Liguid petroleum products
MNatural gas

Renewable (site generation):
Wind
Hydro
Solar

Co-generation - to be identified

iii Conversion

v consumption - energy usage

« Size of the development - potential
energy consumption levels to suppon
lifestyle and comfort expectations of

staff, residents and visitors

» Local/ global pollution implications of
fossil fuel generation & combustion:
Greenhouse, acid rain (S02) etc

» Energy transfer equation - energy |
source Vs electricity generated - |
leakage through reticulation gnd -

energy used |
» Reliability and consistency of supply
+ Back-up and emergency supply |

Al.2 ENERGY AUDIT ‘
A full energy audit to be prepared. Audit

to include ‘
« gptions for generation and

technologies utilising renewable ‘
resources

» cost analysis of cumulative long term [
savings of energy conservation devices
and strategies vs installation costs
(pay-back period)

A2 AIMS

* Minimise energy consumed on site
through appropriate design, technology
and demand reduction strategies

+ LUnilise rengwable on-site energy
sources and design reticulation system
to facilitate future augmentation of
on-site generation to reduce grid
consumption and fossil fuel dependency

» Ensure a refiable and consistent
supply by integrating on-site /renewable
electr

city generation & co-genearation

with grid supply




A Pattern Language - Alexander cetal 1977 - Oxford Uni Press

Transport: . .

When people use cars they occupy almost 100 times as much space as a pedestrian.
Given many vehicles have one occupant, overall effect is to spread people out and
keep them E\Pﬂﬂ. The car's geometry may be breaking down suciety.

Benefits - immediacy, flexibility, door to dour, privacy, accessibllity

Life Cycle - The Stages

Need ceremony to encourage movement from one age to another. To grow up!

Erikson - B phases

The Age Phases Setting Rites of Passage

1. Trust - Infant Home,garden Birthplace- home
nursery
Autonomy - Home, common Walking/ birthdays
Young child
Initiative - child Play space, own Venture into town
space, n/huod forest
animals
Industry - youngster | Home, school, Puberty rites,
adventure play paying your way
club, city
Identity - youth Cottage, teenagers Wark, building, attraction
town
Intimacy - young Household, small Building, social wealth
adult groups, family birth of child
network
Generativity - adult | Work, community, Change in work
= room of one's own .
Integrity, older person | Settled, work, home, |Death, funeral, gravesites
family, independant

Modes of Activity
* Importance of learning/teaching b/w age groups
* Opportunities to solve conflicts at each phase of life
* Design and buildings can hinder or help provide for the lifestyle process
- Balanced lifestyle is principle guide for evolution of a community
* Need full range of age groups, people at different phases i
Need settings for each phase, cross-overs from one to the other phase
settings for inteaction between stages ‘
Need sacred ground which is accessed via a “holy" journey
Teenage cottages - studios connected to houses
Elderly cottages

Design for the Full Human Lifecycle — Cradle to Grave
we need to consciously develop our awareness of the needs of the full human life cycle in order to
plan systems that will be socially as well as environmenially sustainable

Integrated social design considers the changing needs of growing children, youth, work pressures,
child raising, working from home and the realities of aging. of heaith and physical disabilities

Planning has monocultured housing and human activities: commercial, industrial, mono-suburbs for
specific ages and socio-economic groups, retirement villages. Many intentional communities have
formed with groups from a similar age group, few have planned for future generations

Humans are social animals — As a social ecosystem the diversity of human needs and nature is as
critical as biodiversity of other species and their relationship with each other and their environment

Rural isolation - the tyranny of distance forces people back 1o town
Lack of access to basic social support systems, day-ca
lack of social contact with other women and children,
high schoolers and teenagers isolated
long commutes to town (work, shopping, heaith care etc)
Designing for human lifespan requires a multi-level approach which applies to and imegrates
individual house and home garden desi
- design and planning of hamlets, villages

bioregional infrastructure and services.

Strategies for integrated social design may include:
« Functional meeting places to bring people together, such as
Village green/ plaza/square with small business premises, inoutdoor cafe, outdoor &
covered informal meeting areas, children's playground
s pedestrinn access from housing areas to village green - especially for elderly, single
parent residents

community centre with laundry facilities, kitchen, outdoor B-B-Q eating/meeting arcas and
children's play area. Picnic and campfire areas on prime locations near dams which are good for
swimming and with open space for games and outdoor community events

« patterning of foot, bicycle and motor vehicle movement.

network of foot/eyele ways connecting residential with recreational and community areas

cleways designed to provide more direct access to key village social

Pedestrian routes provide seating, oppartunities for interaction, "eve (vistas, views,
changes in landscape, community art)
motar vehicle movement restricted and slowed for safety

people have more opportunities for ¢ al social interaction as

environment designed for motor vehicles.
« range of living environments maiy include
half acre rural residential (peri-urban) allotments in hamlets
suburban eighth and quarter-acre [0ts;
Compact housing of sixth to eighth acre allotments with shared landscape.

Medium density townhouse and co-housin ¢ strata titled with shared fac




expanded-houses (e.g. for singles)
elderly people — independent & requiring care

Affordabl dation

rental acc

* diversity of living options incl rental accommodation fosters diversity of age and social groups

allows for people to change residence as personal housing needs change — avaid social
dislocation of having to move away from a neighbourhood and one's friends,
+ The relationship of community space activities and housing options e.g.
Medium density,co-housing and expanded house areas near community gardens and orchard &
community facilities and/or village sgreen
elderly residents easily access to key social areas.
* To ensure individual privacy within an environment which pravides a range of opportunities for
social interaction.

« To maintain a realistic balance between residential areas, functional, recreational and productive

community space and areas for wildlife and native forest and to place these various aspects in
relationship with each other so that they are all readily accessible.

Brainstorm other strategies that can be included in a social plan...

Social Planning

Social Planning Research and Design Considerations for Public Open Space
Spac_es In urban and medium density environments — extracts from Wendy
Sarkissian Lecture “Questions Social Planners Ask about Sites”

http://www.sarkissian.com.au

Public Open Space

* What is it?

* Who are the unintended users?

* How expensive and/or complicated is it to manage:
= Security and surveillance?
* Maintenance?
*  Management?
* Vandalism and graffiti?

Crime, Vandalism and Management Context Externalities
* Traffic
* Parking
* Noise
* Light pollution
* Others?

* Rates Trends
* Hot spots, attractors and generators of crime
* Movement predictors
» Displacement
= Drug fashions and market
Typical problems and issues

How does it Work?

M Evidence of use and congruence between users’ needs and the physical
environment

Congruence or “fit"

The polential environment vs The effective environment (Herbert Gans)

People adopt and adapt plac ttings/envir
to make them their own.

Wendy Sarkissian's
15 Questions:
how does the design/development address the following.
Privacy
. Personalisation
. Climate
. Wayfinding and orientation
. Children's play
Young people
Adult socialising
Seating
Views
Older people and people with a disability
Comfort
. Building interiors
. Gardening
Balconies, terraces, porches, patios
The neighbourhood




Privacy

B Hierarchy of open spaces

B Privacy

B Territory 5
OBSERVATIONS: e.g. looks tight, not always clear definitions, where is the
shared or common space?

QUESTION: has this been taken into account sufficiently.

Childrens Play

RESEARCH:
* Under 5
Middle childhood
Older children and teens
Grandparents with children
Children with a disability

Young People
= QOften moved on and unwelcome in the public realm
= Need places to hang out

Adult socialising

OBSERVATIONS:

Taken different times of day, weekdays, seasons, public holidays
Need night—time and bad weather observations

QUESTIONS:

DO people come alone, in pairs, in groups?

Gender and age?

Seating

qu types of seating or furniture arrangements
Sociopetal;

* brings people together

* enables conversations and
Sociofugal:

* keeps people apart

* hinders interaction

Views

* Of Nature

* Prospect

* Refuge

= The “passing parade”

* Solitude

* Places people take their problems (the
= natural world)

= Views for safety (scanning)

Comfort

* Sun

* Wind (esp. at high levels)
= Acoustics

* Thermal comfort

* Building performance

Building Interiors
* Furnishability
* Personalisation at dwelling entry
* Persanalisation inside dwelling
= Home office
* Children, Grandchildren
= Periods of illness
= Shared housing
= Cultural preferences
= Frontstage and backstage

The Neighbourhood

* Support for homeworkers

= Support for shift workers & people working long hours
= Dangerous at night? Crime?

* Inappropriate and threatening behaviour

= Gender and age issues

= Traffic

= Traffic noise

Public places should be: \
++ Accessible: to everyone (including children, people with a disability and older
people)

== Clear: Conveys clear, appropriate and user—friendly messages

«» Beautiful: enhance the health and emotional well-being being of its users

«+ Safe : Provide a feeling of security and safety

+« Culturally appropriate

« For all: Encourage use by different users, without any one group’s activities
disrupting the others enjoyment

« Comfortable, in regard to sun, shade, winds wind, etc

=« Ownership: Encourages community ownership and caring through involvement
in design, and/or maintenance

From People Flaces, 1998




Governance and Decision Making Processes

Plazas/ Village Green oo K :
. . Ssess current or assess requirements for future community
Cnt'c:f! sﬁ(.;cerss facfﬁ' governance and decision making
* clanty of intended uses r rocesses, | :
* no spaces should be provided unless their use or uses can at least be , 1 g e _ - Community governance and
)¢ fisd 1 Responsibilities and duties of community decision making processes mciudes
ugge. individuals and groups are identified f -
NB smaller. compact and appropriately fumnished open spaces contribute much . These may |ncludge im:ntiona: residential
more to user satisfaction than large, unfumished areas with ill--defined uses and land-sharing communities, housing
cooperatives, community organisations, D
' \ community supported agriculture groups, | procedures, decision making
Functional Elements in design community enterprise groups ! method “
« Activity generators .2 Proposed or existing community
= Territorial boundaries governance and decision making ; :
processes are defined [ d-keeping and accountability
Information on proposed or existing proreee
governance issues and arrangements is
collated

= Natural surveillance
* Movement predictors
= Concealment and entrapment spaces
= Access control
. | ladders 1 : =
e s : 2. Develop options for community governance and decision making

= Target hardening processes
= Fencing a_nd buffers 2.1 Opportunities and constraints for development of community governance and
= | andscaping to: decision making processes of options are identified

* define territory 2.2 Consultation undertaken with community on options for community

* reduce opportunities for concealment and entrapment governance and decision making processes
= Lighting . Consultation processes include facilitation, discussion, mediation, conflict

) 4 resolution, problem solving, analysis and evaluation methodologies, forum,
active listening, consensus building, trust building, and participatory planning
" activities
i g .3 Options are evaluated in consultation with community through detailing
advantages and disadvantages for each

Report on preferred options for implementation

Preferred options selected for T - 5

implementation based on comparative | Communityigroup values may
~

advantages include

Options for community governance and ‘ = yision,

decision making processes are based on = aims, objectives

sufficient, valid and reliable information | = by-laws

= philosophy, ethics,

and analysis.
cultural and lifestyle factors,

Options for community governance and
decision making processes are = equily, A
consistent with community/group endzvudug;rﬂemﬁr nghts and
values, policies, guidelines and l responst
procedures
Options for community governance and decision making processes can be
implemented and provide for decision-making to be made in time for
appropriate action to be taken




The following Is a brief summary of the standard package of twelve skills or *ools*
which form the core framework of the Conflict Resolution Network program.

1. The Win/Win Approach:

In conflict we aim to design solutions that work for both parties. The first step
Is to understand the underlying need for each side. Frequently this Is for
security and recognition, Where a Win/Lose assumption Is the cause of a
limited view or limited options we take a new look at conflict and co-operation,
and the possibiiities for mutual gain, What is my real need here? What is
theirs? Do | want it to work for both of us?

2. The Crealive Response:

Each conflict Is an opportunity for interaction and communication, which might
never have occurred before. Individuals and organisations are encouraged to
move beyond blame and shame, right and wrong and Into the possibilities
which present economic and social realities. Where there is a severe negative
approach and limited sense of possibility we need a creative response. We can
start by seeing conflicts as opportunities. Though conflicts are frequently seen
as crises, they may also be regarded as an invitation for change. What
opportunities can this situation bring? Rather than *how it's supposed to be",
can | see possibilities in *what is*?

3. Empathy:

Seeing the other person's point of view. Especially where there Is ignorance of,
or difficulty hearing, the *other* point of view and different values. Recognising
the motivations behind apparently uncaring behaviour of other people.

Each individual or organisation neseds to ask:-

i What Is it like to be In their shoes?

Whet are they trying to say?

Have | really heard them?

Do they know I'm listening? -

Have we really understood their dilemmas?

Do they know we are aware of the difficulties they encounter?

LI I N 3

4. Appropriate Assertiveness:

Where passive, fearful, resentful responses are present, or where aggressive
judgements are baing presented it is helpful to know your needs and rights and
how to state them clearly. What do | need to change? How will | tell them this
without blaming or attacking? How will we tell them of our needs without
eliciting a defensive response? Is this a statement about how | feel, rather than
:hat Is r;gm or wrong? How can we be soft on the people and hard on the

)

6. Co-operative Power:

7. Willingness to Resolve:

Mutual co-operation bullds root-level security and trust. In the nuclear age,
power play between nations becomes more and more Inappropriate. The :
appropriate response In our times Is a new dynamic co-operation. This
response Is applicable to Individuals and organisations whare disempowering
"rackets” are being played out, or where power is being suppressed. The
difference is between power over someone else and power with someone aise
We can face the problem together when we are soft on the personaliies and
hard on the problem. Am | using power inappropriately? Are they? Instead of
opposing each other, can we co-operate? R

6. Managing Emotions:

We cannot overestimate the importance of managing emations when handling
one's own anger and frustration. Where emotions are causing a block to
action, either exploded or suppressed. Expressions of unbridled emotion, such
as hostile rhetoric, are particularly damaging. What am | feeling? WIll telling
them how | feel help the situation? What do | want o change? Have |
removed the desire o punish from my response? What can | do fo handle my
feelings?

This fundamental prerequisite needs to be examined. If this willingness can be
created, solutions will be found. If it is impossible to create this willingness,
chances are there is a secondary gain in continuing this conflict. Where this is
evidenced by disproportionate "knee-jerk” reactions, extreme attractions or
dislikes are present. Should the secondary gain be addressed in some more
appropriate manner? Do | want to resolve the conflict? There Is a need for
understanding the role that resentment plays in preventing successful
negotiation. Is the resentment being caused by:

> something In my past that still hurts?

'y something | haven't admitted to needing?

* something | dislike in them, because | won't accept it in myseif?

B. Mapping the Conflict:

Drawing up a map of the conflict which includes looking at the underlying
needs, values, objectives and visions of the participants. This Is useful when
confused, there I lots to be considered, or there is difficulty finding common
ground. It is an excellent tool as preparation for negotiation. The questions we
ask are: What's the issue, problem or conflict? How many parties are there to
this conflict? What are the needs anxieties and fears of each? This mapping
will reveal areas of common Interest and highlight difficulties to be addressed.




)

seem Impossible may seed good Ideas. Crealing a smorgasbord of choices
from which conlflict participants can choose action more approprlate for both
parties. When solution-hunting begins and where "bottom lines* are emerging.
What are all the possibilities? Don't judge them yet. Which options give us
both mora of what we want? Be creative, mix and match.

10. Negotiation Sklils:

Individuals, organisations and nations need lo set clear goals when negoliating,

with due regard to fair play and Justice for all parties. The benefits each party
can give lo the other should be explored. Objections should not be ignored;
they need 1o be included in the design. There should be careful attention to
preparing clear contracts. A well written contract defines the perimeters and
minimises future disagreements. Mutual satisfaction Is the basis of good
contracting. Crealing suitable environments for working together towards
resolution; synthesising different interesls; working towards new balances,
agreements and contracls. The secrel is getling together to work it out. What
do | wish 1o achieve? How can we make this a fair deal - both people winning?
What can they give me? What can | give them? Am | ignoring objections?
Can | include them? What points would | want covered in an agreement?
Would something help them save face? Is saving face imporiant to me? Do |
need something?

11, Medlation:
Understanding the special role of the mediator and the importance of neutrality.
When groups have to act together for planning, problem-solving and decision-
making. Particularly when getting together Is difficult or hostlle. Conflicting
parties need to ask: Can we resolve this ourselves or do we need the help of a
trusted third-party? Who could take on this role? Is mediation the best role for
me in this? If so, how could | set up and explain my role to both parties?
V!.fhen an Individual Is offering to mediate, it is necessary to ensure that both
sides are fairly represented and thal the right environment is created for parties

to open up, undersiand each other and creale their own solutions. What might
help this?

12.-Broadening Pernpccth}es: -

In conflicts it is vital to see the whole picture and not just see one
party's point

of view. Recognising your view as one point of view and understanding the
other's point of view as also valid and as par of the whole. When
people are considering only the impact on themselves or their own work group
or neglecling long term consequences. Am | seeing the whole piciure, not just
my own point of view? What are the effecis of this beyond the immediale Issue
on other people or groups? Whers might this lead in the future?

Options are developed without immediale judgement because whal may al first

-
ar

B e e

A\ '

SUMMARY: THE PROCESS OF CONSENSUS

Definition: Consensus is a process for making decisions, which seeks 1o resolve
conflicts peacefully, and cooperatively develop decisions, which all participants can
support.

For consensus to function, five basic elements aie necessary:
}
1. Willingness/desire to share power
2.Conscious and informed commitment to the process of Consensus
3. A common vision/goal
4. Solid agendas
5. Effective facilitation

Basic Belief: Each person has an important part of “the truth” to share.

Values: Respect, trust, cooperation, non-violence, good will, sincerity, diversity,
inclusiveness, responsibility shared by the actions of the group.

Three steps in the Process of Making Decisions:

Introduction

Discussion

Decision Making

Essential Functions: Optional Functions:
Facilitator Writers

Guardian of the Archives Guardians of the Door
Guardian of the Time Set up and Clean up Team
Mext Agenda Planners Vibes Wa.ic.‘rfer

Patrons of Agenda Items Guardians of the Peace
PROCEDURES

There is never voting in the process of consensus Before lal_sing‘? decision, a‘.jn u:;i or
proposal is introduced, 1t is discussed and, if necessary, |_11gd=t1cat‘1l(_1ns are rr;amcke :;dc \
important proposals the introduction, discussion and aa'answr:;mm.gng mla__\ [.h’:t_:“,, T}‘;..
a single meeting, If consensus is not reach_ed, a _prgposal may not be put in ae : 3. Th
intention is to resolve any concern or oonll'llct relating to a proposal in & peacetul manner
so that all participants can support 2 decision

Decision making Options . :
Block ot et S Af—,t:i@. — C’(l\“" Cougent




FRANCIS

NIMBIN ECOVILLAGE
NOTE: BASE PLAM "REVISED LOT
LAYOUT, STAGING & AREAS -
PREPARED BY ASPECT NORTH
PERMACULTURE EDUCATION
PO BOX 379 NIMBIMN NSW 2480
December 2005
Discloimer: These landscape concepts
were prepared for Tareeda Properties.
Concepts Indicated in this plan are
subject to final design considerations,
staging of development, council

approval and to other relevant
authorities and legislation,

s
:
3
k£
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NIMIN ECOVILLAGE P/L

PROPOSED SUBDIVISION
LOT 641 DP1063413

CONCEPTS
NIMBIN
LANDSCAPE CONCEPT
Prepared by
ROBYN

GULLY WATER
COURSE

REGENERATION
ZONE f

RIPARTIAN

NIMBIN - Sense of Place
Designing our Future

Community design for Nimbin village centre

Permaculture Systems Design & Consulting, PO Box 379 Nimbin 2480 Ph/Fax 89 1755
Please complete the questionaire and hand it in to the Permacultire Sucs
Ieam during the community consultation workshops, Public mgzﬁ';;i agi;;s
Display at the Hall foyer (Monday 22nd o Thursday 25t gams 300m), or post
lo Permaculture Systems, PO Box 373 Nimbin. . gatid oy,
Feel free to submit further I0eas and details on extra paper.

Thanks for your input

Community Consultation Questionaire:

1) What does Nimbin mean to you?

2) What do you like best about Nimbin?

3) What do you dislike about Nimbin?

4) What opporunities do you think Nimbin has missed?

5) What are your 3 major concemns for Nimbin's future?

L]

6) How do you think the village centre could befter serve the needs of the community

7) It you had 3 wished for Nimbin what wouid they be?

1

i)




LISMORE WATER —
A BUSINESS UNIT OF

B) Please number from 1 to 7 the things you think are most impartant in order of priorty id
i Q Traffic calming O Trees & landscaping = LISMORE CITY COUNCIL IiSIlere
I 0 More car parks O Better lighting A | " iBd
O Trees along roads lo town 2 Bicycle ways & parking PROTOCOLS
O People places in main street O New parks sl for the J
0 Paople places away from main streat O Alsop Park Nimbin Water Supply Committee (NWSC)
September, 2001

O Proposed road & parking west of shops
O Footways linking Centre with other village areas

NWSC OPERATING PROTOCOLS REPORTING & SUPPORT PROTOCOLS 7

O Permanent flea-markel’ area . =
; B 12 h.-!amhars of the public are invited 1o attend as 12 | Should a member of the general community wis
Comments: observers and lo make a preseniation to the to have a matter raised at a NWSC meeting the
NWSC as individuals or on behalt of a&n the process to follow is lo request a mErr.;;_:..
organization. the NWSC {o raise the matter at the meeting. The

members on the NWSC are there to represent the
community and the community should use the
members as a means of two-way communica
betwsen the NWSC and the general community.

8) Would you like to see Nimbin become less economically dependent on Lismore? Yes / No
c n: [
10) What kind of employment, business and enterprise opportunities do you think would be appropriat
for Nimbin?

13 | Working Groups may be sel up lo address
specific issues and achieve specilic tasks. In
general, these Working Groups are not o make
decisions on behalf of the NWSC. One
exception 1o this is the Communication Strategy
Working Group.

11) Nimbin is unique - how can this be expressed in the landscape of the village centre and new village "Rl
areas?

14 | Members of the NWSC have the option to
designate an allernative member 10 attend the
meating under extenuating circumstances in the
member's absence. There shall be only one
parson designated as an alternative lor each

member.

This system of alternative members may be ‘
used to represent hithero under-represented

groups. Allernative members shouid live, or be |
actively involved, in the community of Nimbin
and have a direct interest and involvemant In
water issues. |

12) Would you like 1o see a theme for the landscaping and future planning of Nimbin?

1
3) Which of the following themes/ concepts do you think are most sulted to Nimbin's future direction 7,
The primary member musi keep these

O Rainforest QEcowl
co-village

O Bushtoods ap s S A &Gt - alternative members up-to-date on the workings

Ti Afmacalture Q Bundjalung heritage - of the NWSC. To make this easier, alternative

Sy Toin Q Historic O Rustic/ members should be Individuals who are In

slic/rural regular contact with the primary member, 8.9

Other suggestions:
membet of the household, close Iriend.

Intormation about yoursalf:
I} Age: Oundar20, Q
L 20-35, 003650, Q5165
8 ' 65, 0O
:i How long have you lived invnear Mimbin? ke 1/
]:]] ?:h\;au Tive: D_in the village, Qwithin Skm, O 5-10km, O over 10km
1 do you do in Nimbin? Qwork, O shopping, Qlaund
O other: : 3¢
vl H
/] ow;::: do you come to Nimbin? O every day, O Mon-Fri, O weekends
re than once a week, O less than once a waek, O Other

Garol Davis / Janaka Weeraratne at Lismore
| City Council are 1o be notified in writing seven
| (7) days prior to the meeting as to tha choice of
| this alternative member, Any changes lo the

choice of this alternajive member shouid also be
| notified in writing.

Q socialising, Q entartainment,

Page 3ol 3




Bullying Techniques

Spreading gossip, false or malicious rumours about a person to cause
damage to that person,s reputation.

Humiliating a person in front of others J

Being the victim of loud and abusive, threatening, or derogatory
language.....usually in front of others, . .
Undermining work performance by deliberately withholding
information vital for effective work performance.

Baullies try to achieve the victim,s isolation

Physical Effects

'.'......

Stress headaches and ilinesses

Stomach disorders and skin rashes

Anxiefy and depression and self blame.
Disempowerment

Anger and irritability.

Loss of concentration.

Loss of self esteem & lowered self confidence.
Panic attacks

Sleep disturbance

Dealing with It

1

Identify clearly who is responsible...target the leader.... separate
bully from supporters

Take notes where and when it happened .

.Talk Eo people about it....keeping quiet increases the sense of
isolation which the bully is trying to achieve

Refrain from retaliateing.

Complain formally.S

THE CONSULTATION PROJECT CYCLE

TN oy gy
% g -

e par

> E e
- S Rt

S S e==%| SIGN OFF




Links:

Global Ecovillage Network (GEN)
hn, ."uel"l eCOwIIae OI'J"

Cohousing Assn of US
htto://www cohousing.org/

ABC Radio documentary series with interviews, resources and case
studies of intentional communities in Australia
www.abc.net au/rn/utopias
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