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GENERAL HISTORY AND SCOPE

The processes that occur within soil are closely related to those in sediments and
aquatic environments. They are also associated with the beginning of life on this
planet. Biochemical and biological changes were associated in the earth’s early
stages. Molecular biomarkers, isotope modification (such as differences in Mg and
13C), and identifiable fossils are important in the study of the carth’s history. The
primordial soup theory of Oparin and Haldane assumed that organic compounds
in water underwent polymerization and condensation reactions similar to those that
describe modern soil organic matter formation. The formation of macromolecules
that catalyze their own replication is known 10 be assisted by clays, metals, imidazole
derivatives, and selective adsorption onto mineral surfaces that promole concen-
tration and polymerization (Bada and Lazcano, 2003). Carbon and associated N
substrates may have arrived on meleorites in association with minerals.

The first written history of soil and soil biota originated in the East, where
scholars were recognized in the early Chinese royal courts. Coleman er al. (2004)
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stated that soils were classified during the Yao Chinese dynasty from 2357 to 2261
BCE. This dynasty should be recognized for both basic and applied studies of soils
as they used a soil classification for taxation purposes. The ancient Chinese regarded
earthworms “as angels of the carth.” Romans, such as Aristotle, considered earth-
worms as “intestines of the earth” (Coleman et al., 2004). Further evidence for the
early recognition of soil is that the Hebrew word for soil is “adama,” from which is
derived Adam, the first man in Semitic religions (see Hillel, 1991). The ancient Vedic
literature of India classified soils by color (and thus organic matter content) and
recognized the importance of land forms, erosion, vegetation, land use, and human
health implications.

Fungi were known for their fermentation reactions in wine, beer, and hread
making and also as a food source that could at times be toxic. Inscriptions on
Egyptian walls from 2400 BCE show the production of beer and bread involved the
use of a starter and required an incubation time. Eastern, and laier Roman, schol-
ars recognized the soil-improving qualities of legumes and crop residue additions.
Roman literature on agriculture and sojl management was extensive, This was
updated and condensed into a single volume by Petrus Crescentius in 1240 CE and
for many years was copied, even into the time of the printing press (e.g., Ruralium
Commodorium libri duodecin Augsburg, 1471),

Knowledge stagnated in Europe for the one and 2 half thousand years prior to
the Renaissance at the end of the 15th century; not from a lack of intelligence, but
from the firmly held belief that the world was governed from the outside and was
not an object to be questioned (i.e., intelligent design). The end of the 15th century
marked the end of the Western medieval world with the emergence of the perspec-
tive that laws that govern the world are subject to study. The concept of biological
and abiotic controls that can be studied and influenced by humans marked the
beginning of our present knowledge of the soil biota and their processes. The abil-
ity to transmit this knowledge by the printed word after the invention of the print-
ing press also greatly aided scientific discovery and discussion,

We are getting further away from our historical roots, an understanding of
which is so important to our thinking and ability to formulate scientific questions,
The advent of the computer with its casy access (o recent literature seems to delay
visits to the library to look at not only the original thinking in our field during the
early 20th century, but also important literature from 1950 1o 1980, I have tried to
summarize bricfly some of the important early discoveries. In doing so, I have not
referred o the original literature, but to reviews often found in textbooks that
should be available in many libraries. The history of our science is not merely a
listing of the important discoveries, but an important example of scientific thought
processes and the relation between methodology, ideas, and concepts.

Our field is still methodology-driven as shown by the great increase in knowi-
edge being derived from molecular techniques and tracers. Another methodology
breakthrough was nearly driven 1o excess, as shown by the fact that the three most
cited papers from the Soil Biology and Biochemistry Journal from 1975 10 2000
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involved the application of the fumigation technique (earlier us?d by_ Schlloesmg
md Miintz for nitrification studies) for the measurement of mlcroblal'blomass.
'z;"rcl)day we are benefiting greatly from the availability of autemated lthquJes,. the
use of computers in data transl‘ormat'ion, modeling and knowledgE dissemination,
and the presence of active scientists in many new parts of the glo c.h bt e
A look at our history shows how ideas were generated. It also shows ;
should look at some of the misconceplio?s of the past to help us clearly de r::d ou':
thoughts and concepts. 1 realize that my biases shorw and that I have con;cenl(;’a 1(5’0
the positive. The literature is full of examples showm'g that man?f'of oll.;r (:1“: er[s aass
developed some “doozies.” 1t would also be rewurd'mg to look at w al A bn.o fpur-
the test of time so that our own ideas do not end up in the same du_stb.m.A 'ne"s |
vey of citations in some search engines, such as l.he U.S.. N'atmntll ; anc[u l;lgal
Library, Commonwealth Agricultural Bureau, IS1 Sc‘le'nce Citations, an mno 0% z}I
Abstracts, shows that the words “soil ecology” C!lCll. more 'resp'(’n‘lses ) an ;911
microbiology,” which is followed in interest b.y “soil biochemistry” and t:mt:rt? 1:
ecology.” There are differences in relaliye |:ankmgs de[?endenl on the ng:‘l: Ne_ngrl:;S;
but processes generally involve more citations than microorganisms. Soil N is >
popular, followed by soil C, N fixation, qnd the r.hlzosphere‘. T?le cntan;)n surve lﬁ
shows that new methods of analysis are being upplle_d to conu_numg prob ems wi
pollutants and pesticides and their effects on lh(? son! p('quIauon. These topics azlllre
continuing to receive a great deal of attention, as is soil blodegradalmn._lf you rch ‘y
want to gain a further appreciation of our ﬁc!d, lry gepera] ssarch engmes,fsuti (;l.‘li
Google, which lists 9,050,000 items for “‘sml microbiology, ?S,IO0,00Q or s; .|
ecology,” and 7,800,000 for “soil biochemistry.” An understan_dmg of th_e interest in
the word *humus” would require the perusal of 4,760,000 items. This, howel:l:r,
includes recipes for a common Mediterranean prepared food, hurpmus, so maybe a
better scarch would be for “soil organic matter,” with 14,600,000 items.

SOIL MICROBIOLOGY

i in certain forms can be readily scen without a microscope; lhus: lht:.’y
rcc:il:rggln;;rly study. The first book solely about ft'mgi (“Thealrur.n FungorI:un; )
published in 1675 by J. E van Starbeck drew heavily on the drawings of Cl_a;‘] e;
de’Egeluse prepared as early as 1601 (see Atlas, 1984). In 1665, Hooke pubfls e ]
a work on the [ruiting bodies of fungi, and by 1724, spores were kpown HES unﬁa
reproductive agents. Fungus-root associations were no_led by earlier auth_ors, I:lt
in 1877, Pfeffer recognized their symbiotic nature, and in 18835, Franck coined t"e
word “mycorrhiza.”” Franck later distinguished between ccto an'd endo associa-
tions; a classification that is still applicable in present, extensive literature on this
subject. In 1886, Adametz isolated fungi from soil and gave them names. Th.e ﬁrisl
detailed classification of soil fungi was conducted by Oedemans an.d Kc:mng ll’;
1902 (see Waksmian, 1932). In the 1920s, Charles Thom made a detailed study o
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soil fungi, especially Penicillitm and Aspergillus, the dominant soil fungi on most
agar plates. Waksman also published exiensively on soil fungi and actinomycetes.
Leeuwenhoek (1632-1723) is recognized as being the first 1o see bacteria in
his self-designed microscopes. He observed the small animalcules in natural water
and in water amended with a substrate (Pepper or meat broth). The comprehensive
classification system produced by Linnaeus in 1743 perhaps foretold the modem
difficulties in bacterial classification when he placed all the organisms seen by
Leeuwenhoek in infusions of vegetable matter and meat broth into the genus Chaos.
In 1776, Nagelli (see Atlas, 1984) suggested that bacteria be placed into their own
class entitled Schizomycetes. The work of Warington, Lawes, and Gilbert estab-
lished the biological nature of many of the processes involved in N transformations,
especially those involved with the growth of leguminous crops. Pasieur (1830-1890),
in discrediting the theory of spontaneous generation, laid the foundation for micro-
biology. Although trained as a chemist, he developed vaccines for rabies and inves-
tigated many food microbiology problems. Pasteur and Liebig had both postulated
that the process of nitrification was bacterial in nature. While studying sewage
purification by land filers, Schloesing and Miiniz found that the ammonia content
of sewage passed through a sand filter did not alter for 20 days. After this period,
ammonia was changed (o nitrate, but the process could be stopped by a small amount
of chloroform. The process could be restarted by soil extract, thus proving that this
process was due to microorganisms or, as they said, “organized ferments.”

S. Winogradsky (1856~1953) is recognized as the founder of soil microbiology
for his contributions to nitrification, anaerobic N, fixation, sulfur oxidation, and
microbial autotrophy (Winogradsky, 1949). He succecded in isolating two bacterial
types involved in nitrification with the keen insight that they obtained their C from
CO,. He thus also established autotrophy in microorganisms. In the period 1872-
1876, Cohn published the first comprehensive study of the bacterial content of soil.
Hellriegel and Wilfarth, in 1888, grew peas in the absence of 4 fixed N supply, show-
ing that legumes obtained their N from the atmosphere, whereas oats did not have this
capability. They knew that the peas had nodules, but could not isolate the bacteria
within. Beijerinck, in 1888, isolated the bacteria that he called “Bacilius radicicola”
(now usually called “Rhizobium”}, This showed the dependence of the N cycle on
bacteria. The N cycle was completed when Goppelsriider observed tha nitrates were
reduced to nitrites in the presence of soil organic matter, In 1868, Schoenbein
ascribed the reaction to bacteria and Gayon and Dupetit further developed the knowl-
edge that led to denitrification studies,

The latter half of the 19th century saw more details on microbial processes includ-
ing symbiotic and asymbiotic N- fixation, denitrification, and sulfate reduction and
oxidation, The research on fermentation led 1o the delineation of anacrobic metabo-
lism. Waksman, in his 1952 textbook “Soil Microbiology,” gives a detailed account
of the early contributions and also published photographs of many of our academic
forefathers in soil microbiology. His 1932 book gives detailed historical references
in each of the chapters, as well as 4 listing of the textbooks on the various topics
to that date. He gives credit (together with Winogradsky}) for the foundation of soil
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icrobiology as a discipline to Martinis Beijerinck (1851—193_1), who fml o‘nlg
n‘ncmtcld the first viruses from plants, but also isolated many No-fixing organisms and
¢=:xl1"“;C d enrichment techniques. Basic and applied sciences were?.as‘mu-znm’n]e
Eievc (:)I::e inning of our science as they are now. Winogradsky and B.euenpck an:'l also
in theni-;ged as founding members of microbial physiclogy and .r_mc‘rol:‘t‘lal elco ogy.
recfl’ie ﬁr:t textbook to include soil microbiology was that of Léhnis, Yor es‘u;en
be Land;vinschaftliche Biikteriologi,” published in 1910_ and 1913. Engllsh rea |er
iiber ain an insight into its contents in the English version he pubhs‘,hed lo:?n?]l"ht'z:
Ca‘?th B. Fred in 1923, entitled “Textbook of Agricultural Bacteriology. ad
wi t co;ua;ns very readable accounts of bacteria, fungi, uqd protozoa nndlj gmr)n
(Lj‘?xcussion of relationships of microorganisms to their environment. 1.G. !plmd
{ 11;74—1939) who established the Department of Soil Chernhlslr‘g/f and lidcller:)(:‘gc:lgny
Jiversity i as especially interested in the effects of soi -
tgers University in 1901, was espec.| . o of 5
ilslnl:: 0?1 soil fertility and plant growth. His 1911 book entitled dBa\i;eI:m in R?:dgus?)r;
l 4 a M M 1 15 an 2
ife” we an treatise in this field. Waksm
ountry Life” was the first American 1d. :
u:m(;:ed thl;yperiod {from 1890 1o 1910 as the Golden Age of Sf)ll mlcr9b|o[0gl]y w!'n?r:
:-le resentatives of the soil biota carrying out the major soil and l?mgeoc ;m;c;f
I‘gce'ises' were identified. The identification of at least represemauv.e memd er. -
fhe microorgunisms mediating soil fertility and nutrient lran'sfurr.n‘allo'ns Ief to ' c;
belief that this knowledge could do for agriculture what the identification of majo
i i i ical treatment. .
isease organisms did for medica ' ' ‘
. Succesfes in legume inoculation led to several prem.lt_ure dlllempls to allter so::
C and N transformations by inocuiation and to relate microbial .numberb to s0
fertility. This discussion continues to this day in the ma;y qutlasuonfr Egllfﬁ:;?é
e liversi SYS ioning addressed later in this volume.
biodiversity and ecosystem functioning M
i i an symbionts, and control microbial pathog
to inoculate bacteria, other than sym . . e
essful because of the lack of knowledge
plants were seldom succ ' K oLane A
' d. These studies did, however, help
ecology and the other controls involve : udie: . :
anenliggn from pure cultures and laboratory mvesllga.tlons lr..') ﬁelc.l fzxpenmt:nll's..:l‘gzll
the need for replication to account for soil heterogeneity. This penod. also ccfn dime
the interesting conclusion that if an organism did not grow ona gelatin or agar plate,
i i ant ¢ ¢ t worth studying.
it could not be important and thus was no ying
The years from 1910 to the Second World War witnessed the employr;:]el"ithf
soil microbiologists in numerous new institutions in many parts of the wc;:_ .l :]s
led 1o a better knowledge of the global distribution of, an;lﬁ ;‘nu;ugimem c:‘ ; iﬁ c'li :)sé
i ap; i lzboratory medium. The developme .
organisms capable of growth in the ; LT
ngdirect microscopy led to the realization that approxm‘idlely F).nly l‘l%) ciz tl;i ;:pl:
i H dia. The failure of inoculants,
opulation could be grown on laboratory me . ' '
?n {)he case of symbiotic N fixation, to create meanmg;'ul manag;:mel;lut:‘fil::::i\g:ds
i is ‘ alize the huge number o
a worry at that time. It is only now that we rea ! : :
orgu:gms and that the unknown interactions between tlTem and their env_lronment
(ecolopy) explain the often observed lack ol impact of II]llrodUCEed orlg;:rljmi i
: ii the major players in soi
It was at first assumed that bacteria were - m 1 soil f .
decomposition as typified by the books of Lohnis in 1910 and Lohnis and Fred in
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1923, In 1886, Adametz showed that fungi are abundant in soil. Additionally,
Hiltner and Stormer had studied actinomycetes, which at that time were thought
to be different from the bacteria, Cutler had studied the protozoa, and Russell and
Hutchinson developed the theory that by consuming bacteria, protozoa could con-
trol the soil population and, thus, soil fertility. The carly textbooks took s much
license with their titles as modern ones. The Léhnis and Fred publication on agri-
cultural bacteriology included extensive sections on the protozoa and fungi dis-
cussed under sections such as “Bacteria and related microorganisms.” Waksman’s
“Soil Microbiology™ included sections we would today call biochemistry. The effects
of environmental factors on the rate of soil organic matter decomposition were
described by Waksman in his 1932 book entitled “Principles of Soil Microbiology™
and the Waksman and Starkey 1931 book entitled “The Soil and the Microbe.”
The period between the two world wars saw work on microbial interactions and
nutrient transformations. Fred, Baldwin, and McCoy's 1932 comprehensive volume
on “Root Nodule Bacteria and Leguminous Plants” set the stage for the continued
success in symbiotic N, fixation. The C:N rutio required for plani-residue decompo-
sition without N immobilization was determined as approximately 25:1, a number that
is still appropriate unless large amounts of poorly degradable residues are invo] ved
as in forest litter. Attemnpls 1o measure many of the microbial processes in soil were
frustrated by the inaccuracy of the measurement techniques relative to the large stock
of nutrients in soil. Waksman (1932) commented that ji was difficult to measure N,
fixation by free-living organisms at levels less than 40 |b per acre, which was (and
still is) the inherent error in the Kjeldah! or other methods of measuring total N, The
Finnish scientist A. 1. Virtanen received the 1945 Nobel Prize in Chemistry for his
major contributions to legume nuirition, especially the role of rhizobia in symbiotic
» fixation. Lie and Mulder (1971), in “Biological Nitrogen Fixation in Natural and
Agricultural Habitats,” provide a record of the many advances made in that field.
The Second World War led 10 aconcentration on the war effort. This was, how-
ever, not without its success as witnessed by the use of the fungal antibiotic, peni-
cillin, and the development of streptomycin, for which Waksman received the
Nobel Prize in Medicine in 1952. The war aiso resulted in studies to overcome food
spoilage and rotting of clothes, as well as the beginnings of biological warfare in
both preventive and causative formats. Alexander’s 1961 and 1977 “Introduction
to Soil Microbiology™ continued the general organization utilized by Waksman in
his earlier volumes, He organized the section on the soil environment and bacteria,
actinomycetes, fungi, algae, protozoa, and viruses into a section entitled “Microbial
Ecology” and recognized the multitude of microbjal and microbial-plant inter-
actions. The 1960s saw an influx of new scientists that worked on symbiotic and
asymbiotic N, fixation, S cycling, the rhizosphere, mycorrhizas, and the effects of
herbicides, pesticides, and pollutants on the microbjal population. The mycorrhizal
history to 1969 can be found in Harley (1969). The use of N and alternate sub.
strates and inhibitors for specific enzyme interactions made possible for the first
time the quantification of the processes in the N cycle at the levels that they occur
in soil. However, method availability still hindered testing of concepts regarding
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i ations : iversity, and it was not until the advent of nucleic acid
oL popl::ll(;z?:l:;dbcil:)vc?t.:srllm;Inmetasuremems, such as phospholipid fatty
methOfIOIEE{SA) compulers, and modeling that the great thrust of.k‘now]edge cov-
analy.SlSl(] subsc;quenl chapters of this volume could come to frqnuon. -
erc:jfcl)]l-lu[m(;s onlsoil microbiology include Subba Rao (1999), :Smlho(ri;;g;s)mi ;3:.:

" ; Killhe 94), “Soil Ecology;” Lync )
Pl_anl GFO:V”’-_"411\51:[3-;;(;1’]'12;" ((l|9992)), *Soil Microbial Ecolog_y:" Alevf ang
B:olEf:h.HO_ (:glg’%) “Methods in Applied Soil Microbiology and.Bmchcmlstry;
Nannlpl‘e . ot il (;997), “Modern Secil Microbiclogy;” and Syivm‘ et ul. (2005.),
Y an E!S‘]lsscand-Applicalions of Soil Microbiology.” Other volume:s include Tﬂt(.: 1n
Pnzltlc‘l‘%gil Microbiology:” Harley and Smith in 1983, “MYCOI“I‘]‘.I.IZEII SymbeS}s,d
o al. in 1992, “Mycorrhizas in Ecosystems;” and Makerji, Chamolti, an
e . 7600 “Mycorrhizal Biology.” A community and ccosystem ap[?roat?h o
Smgl'] IIn . of’qoil is presented by Bardgett (2005) and the role of mlf:l‘()blal diver-
gil:/h:s) cz.lg);upélier of ecosystem services is presented in two edited volumes
(Bardgeti er af., 2005; Wall, 2004). . o e indenendent direet
The advances in molecular techniques uuhzmg cu o pcmmence rect
retrieval of 165 TRNA genes have allowed an ex:;mn:;:ug; cl)w :) ,-‘:1 : o)
iodiversi icroorganisms. A survey conduc _ - (2002
g:c(:l?l;‘irrf;gl{h; rpll'?r:fm'},r sﬁ:icnliﬁc Iilerul.ure from. 1975 to 1999 in 525 journals.
Figure 1.1 shows data for six soil-associated habitats.
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FIGURE 1.1 Publications per year [rom 1975 to 1999 in mi(.:mhizfl div.ursnly: ) 'I'r.{ng‘ulflpl:::t
athosystems .(A) rhizosphere and mycorrhiza, (A) microbial habitats in s;nl. (#) aquatic systems,
F-—) h.uc.wriu.r;1 plant systems, and () food microbiclogy (Morris er al., 2002).
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Fungus—piant pathosystems outnumbered the other five habitats and showed a
10-fold increase in papers; however, that number peaked in 1996, The rhizos-
phere, including mycorrhizas, was still rapidly increasing in popularity in 1999,
Microbial habitats in soil showed a similar trend, as did aquatic systems,
Molecular technigues hold great promise for increasing our understanding of the
links between organisms, processes, and the environment; thus soil microbiology,
biochemistry, and ecology are best treated in one volume. The recent finding of
ammonia-oxidizer genes in previously immeasurable Archaea is one example of
new functional groups and maybe even new functions and processes that will be
discovered by the readers of this book.

SOIL ECoLOGY

Soil ecology is the second leg of the scientific tripod supporting this textbook.
Ecology has numerous definitions. The one that applies to this text is the interaction
of organisms and their environment. Smith and Smith (2001) stated that Haeckel
developed the term *“ecology” in 1869 from the Greek term “oikos,” meaning home
or place to live, The first ecological publications are credited 1o the Greek scholar
Theophrastus (371-288 BCE), who wrote nine books on “The History of Planis”
and six on “The Causes of Plants.” Continued work by naturalists during the 15th
century, espectally in the Middle East, was followed by the plant geopraphers,
such as Wildenow (1765-18 12} and Von Humboldi (1769-1859). These described
vegetation by physical type and environmental conditions and coined the word
“association” (see Smith and Smith, 2001). More plant geography, such as that of
Schouw, who studied the effects of lemperature on plant distribution, and Paczoski,
who studied microenvironments created by plants, led to the study of plant com-

munities. Scientists such as Coulter, Bessey, and Clements developed concepts of
succession and gave ecology its hierarchical framework (see Major, 1969),

Aquatic research contributed much to ecological theory. In 1887, Forbes, who

interestingly had no college degree (see Hagen, 1992), wrote the classic “The Lake
as a Microcosm,” which was a predecessor 10 ecosystem ecology and introduced
the concepis of interrelationships through food chains. In 1931, European biolo-
gists Thieneman and Forel used the concept of organic nutrient cyclin £ and devel-
oped the terms “producers” and “consumers.” In 1926, agronomist Transeau was
interested in improving agricultural production through a better understanding of
photosynthetic efficiency and initiated our understanding of primary production,

The early ecologists tended 1o concentrate on native plant and animal associations,

whereas at that time soil microbiologists were associated with cither agronomy or

microbiology departments. Agronomists were primarily concerned with cultivated

fields and the processes therein, To the soil zoologists, these fields seemed depau-
perate of interesting organisms, while the ecologist’s absession with native sites,
and to some extent the environmental movement, was thought by the agronomists
to greatly limit their interpretive capability.
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stem science, a term coined by Tansley in 1935 (see Hagen, 1992), le‘d lg
Ecosg‘x erimental approach and imerdisciplinary work. The textbook org.llgl_lz::)
= mofz lhf’:) ecosystem concept, “Fundamentals of Ecology™ by E. P. Odum { T )
e hrough three editions and was translated into more than 20 langu.lg’t:s. ;
Ly [ationul Biological Programme of the 1960s and 1970s demonstrated 5 :ell;lec;n
I“[?Testigale all the interacting compenents of the ccosystefn and 1.0 mohe ' lieve
e mathematically defined transformation processes. This requ‘lred t el.lc. ©
_usmgcuon of soil microbiologists and biochemists with plant and animal eco ogrg,:?1
1n1§r.a ronomists, During this program, G. M. Van Dyne, a sl.rong advoc.u‘e 0 (: (c;
= ;item concept, described the editor of this volume as standing on a I'ourl;.sttmn ee
e et and ¢ ith the warning that som
i logy and agronomy, wi .
arbed wire fence between cco ; e !
h.‘wblewould slip, with the obvious drastic consequences, 'I:hc title and chapters :r:
:il;li book indicate to me that this fence has finally been nppe: oul. .Fulurlc:: bg.:"c::k
: iti ientists with a variety of back-
ied dy of our exciting field by scientis f
advances lie in the stu ur excit Dy et
i ten as heterogencous as
and employment in institutions o : a -
gmumifm they f[;)luc)!ry At the same time, the more classically trained CCOlti)gl:slh
: l - ) ‘ . 0 . . .
::cg;znizc that the soil, with its muititude of interacting organisms and complexity
' i is : : tier of ecology.
teractions, is the last great fron : ‘ '
of I;oday's researchers are finding that replicated, munageii fields are (?xcE:Lclnllhfg;
‘ i i ici ts in ths
ing ¢ i logical and biogeochemical concep (
studying and developing eco : o
: A asily measured, nutrient fluxes tha ¢
ften have greater, more easi uts ' those in
3egeluuon %Jncultivaled systems, whether prairie or forest, are es?]cn;al as rcﬁ;r:::icl:]e
i i ; iversity. Other work, such as that in the Amazon Basin,
ints, often with greater diversity. o
::Orecognizing that many of the forests that were once thought 1o be pristine have
d major past human interventions. N L .
' Rus::e!l’l:; I Lth edition of “Soil Conditions and Plant Growth,” edited by “:::
(1988) 'noled that Gilbert White, in 1777, obscm?d that ea@woms \,\‘reredpron:l)-l nd.
of vegetation by perforating and loosening the soil and druwu};r; ]c.w;:.s ull:llhcrglr.m‘i i;;
i at Darwin first reported on the effect of earthworm:
Feller ¢t arl. (2003a) note that Darwin . - fororms
ars k the publication “The Formation of Veg
1837, followed 34 ycars later by ' i : )
Mould through the Action of Earthworms.” At that time, the ler‘r;} veglc;able :2:2::
ign: i izons in a manner not that different from -
was used to designate surface horizons ina ‘ ont rom ihe ear.
i s, Darwin showed that earthworms were important in s
lier use of the term humus. Darwin s orims yport; oil
formation by affecting rock weathering, humus fqrmanon, .1_nd prc?hle‘fc‘ilffer;:)lll.lé:-
tion. This led Feller ef af. (2003a) to credit Darwin for the first scienti lcbpu Ih "
tion in Europe on the biological funciioning of so;ls;)(;g:*lf)ﬁg, Eh:::,r; :roz.ik u
: 501 a (see Feller et af., 2003a). Russell’s
shown the presence of soil protozoa (see : ok on
i ilization and its fertility had involved the protozoa.
artial sterilization and its benefits to . . ve 0z0a. -
End Crump, in [920, observed the often reciprocal increase and deli'reas'e oll;) :n:r):d
cteri attri t of soil sickness resulting in
bae and bacteria and attributed the concep ness resul vered
ili i 5 aksman, [932). This is in direct contras
fertility 1o this phenomenon (sce desmar_l. ‘ . !
RusseI);’s and more recent, concepts in which faunal-derived r;ucroblgl lult'n)(:v:zlr
1s considered an advantage in nutrient release (Co]emmll et al., ..004).l . lou ; | J.;'
{1982) gave a detailed resume of the soil protozoa that included the slime molds.
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The “Manual of Agricultural Helminthology™ (Filipjev and Shuurmans-
Stekhoven, 1941, published in The Netherlands), summarized nematode anatomy,
systematics, methodology, and plant-parasite interactions to that date. G. Steiner
states in the edited volume on nematology (Sasser and Jenkins, 1960) that the Incas
of Peru had a regulation by which the replanting of potatoes on the same land
needed (o be deferred by a few years to control what must have been golden nema-
tode infestation. He also stated that the “bush culture” that involved burning of trop-
ical forests followed by planting of crops was not done on adjacent plots to stop
invasion of nematodes from the old agricultural plots 1o the new ones. Kevan's 1965
description and count of soil fauna per square meter of a European grassland were
quoted in the first edition of this textbook. A good introduction to the various mem-
bers of the soil fauna is given by Burges and Raw (1967) and is updated by Lavelle
and Spain (2001) and Coleman et al. (2004).

Wilde (1946) stated that the principals of soil science and ecology were intro-
duced to silviculture by the German forester Grebe in his doctor’s thesis in 1840,
Grebe forecast Dokuchaiev's studies by slating,

“As silvicuiture horizons widen, the importance of environmental conditions
becomes more sharply pronounced. It appears clearly to foresters that the form
of forest management is determined by a number of physical influences related
to topography, geology, type of soil, and climate.”

In not mentioning organisms, maybe the quote does not belong in this book, but
80% correct isn't all bad,

Russian scientists have long credited Dokuchaiev and his associate Kostytchev
with being the founders of soii science and for having a great influcnce on ccology.
Wilde (1946) quotes Dokuchaiev as saying,

“The etenal genetical relationships that exist between the forces of the envi-
ronment and physical matter, living and nonliving domains, plants and animals
and man, his habits, and even his psychology—these relationships comprise the
very nucleus of natural science.”

Dokuchaiev recognized the effects of animals in soil formation in using the word
“crotovina” for the filled-in remnants of mammal burrows. Russian soil science,
ecology, geography, and plant ecology have always been closely associated (Major,
1969). Their word “biogeocoenoses” emphasizes the biology~landscape inter-
actions, as well as exchanges of matter and energy, discussed so often in this text.
Hilgard translated Dokuchaiev's work to English and mapped American soils rela-
tive to landscape, climate, and vegetation. Wilde credits Hilgard’s 1906 publication
“The Relation of Soils to Climate” for perhaps unintentionally laying the foundation
of soil ecology in America. The interactions of Dokuchaiey’s five factors of soil for-
mation, climate, parent material, organisms, topography, and lime were reiterated
and placed in an equation form by Jenny (1941), Liebig has been credited as one of
the first physiological ecologists for his work on mineral nutrition of plants.
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The influence of Miiller’s 1878 monograph in characterizing forest soils in rf:la:
ion to the type of organic matter (Mull, Moder, and Mor) hu§ been extensive. WIl(..lL
e an extensive number of European authors who emphasized the role of §01Is in
i‘l:rl:st management. Other reviews on forest-microbiology-nutrient cycling ‘mcluc!c.
Jordan (1985), Pregitzer (2003), and Morris and Pz!ul (2003). R.anggla?‘d science is

ually dependent on soil processes, some of which are detailed in Gmssland.s_.
gslems Analysis and Man,” edited by Breymeyer and _Van Dym; (1980), and in
«Grassland Ecophysiology and Grazing Ecology™ (Lemaire et al:, -QOO). .

I did not know whether to place microbial.ecqlogy u.nder _sml mlcrobm'logy or
soil ecology. 1n concepts, methods, and uppllcnllon, microbial ecql?gy hd!? Ef:cn
closer to soil microbiology than to classical .ecology. Numerous authors have
bemoaned the fact that there is not an extensive idea and .co'ncepl. exchange !)elwe.en
microbial ecology and ecology in general. Howc.ver, this is r'apldly chz{ngmg v_v1t1‘1
the recognition that the diverse and extensive soil and aquatic fmd sedlmcnt.blota
can now be studied with molecular methods. The grez.ll dwgsﬂy and close inter-
actions of organisms with mineral particles makes soil an |dg?al pl.ace to devel(')p
and test ecological concepts. According to Marshal ('1993), mlcr_o.blal ecology has
the goals of defining population dynamics in microbial commumpes and the phy-s-
iochemical characteristics of microenvironments and undersla?dmg th‘e melabohc.i
processes carried out by microorganisms in nature. It recognizes as its founders
the same scientists (Leeuwenhoek, Winogradsky, and Beue‘n.nck) that dcvelopf:d
soil microbiological thought. Microbial ecology has t.he ability to transcend dl[:-
ferent habitats, asking questions about soils, plants, amma}s, fresh waters, oceans,
and sediments, as well as geological strata. It also has received great impetus from
the recent advances in nucleic acid techniques and, thus, one of its more modern
pioneering works has to be that of Watson and Crick, which eventually led to the

ar-based techniques.

nu?ll'tlzl‘:ﬁrst textbook gublishcd with the title “Microbial Ecolf)gy" was that of Brock
(1966). Brock (1975), in “Milestones in Microbiology,” published the !ccy‘papers of
Pasteur, Koch, and others in a translated, annotated format. The pubhca!:on of the
triennial meetings of the International Society of Microbial Ecology provides a use-
ful chronology of advances in this field. Some include Ellw?‘od el al. (I?SO),
“Contemporary Microbial Ecology;” Klug and Reddy (198:4), Cum:r‘ll Perspef:-
tives in Microbial Ecology,” and Guetrero and Pedros-Alio (1993), ‘Trends-m.
Microbial Ecology.” Other reviews include Lynch and Poole (1979) and 'lh‘c series
“Advances in Microbial Ecology” published by Plenum Press. The training .:md
background of microbial ecologists are often very different from l'h.osc_of clus.sn:al
ecologists, and until recently, there has not been enough cross-fertilization of ideas
between the fields.

SOIL BIOCHEMISTRY

Soil biochemistry, as defined in this book, refers to the characteristics and
dynamics of organic matter and the biochemical transiormations brought about by




I

0]
=

b

L0l Fa

.

& B e ey

14 CHAPTER 1 S0IL MICROBIOLOGY, ECOLOGY, AND BIOCHEMISTRY IN PERSPECTIVE

enzymes and organisms in soil. Biochemical reactions appear to have proceeded
without microerganisms. Later microorganisms were active without the presence
of plants and animals for long periods of the earth’s history. Biochemical reac-
tions similar to those occurring in modern soils are thought to have occurred for
an extended period before the occurrence of the first bacteria identified in rocks
that have an age of approximately 3.8 billion years. Phototrophic bacteria and
cyanobacteria have been identified in rocks that are 2.8 billion years old. Vascular
plants and mammals are a product of only the past 500 million years.

Experiments with iron sulfides, at the elevated temperatures and pressures found
in hydrothermal vents, have indicated the possibility of the formation of prebiotic,
organic substrates. These are believed to involve organo-metal interactions often
studied in today’s soil biochemistry. Another theory involves an alkaline world in
which the activity of negatively charged clay minerals, such as smeclite, organized
fatty acid micelles and lipids into vesicles that contained active clays. These are
said to have concentrated and polymerized RNA and DNA. Once formed, vesicles
such as these are postulated 10 have grown by extrusion through small pores. These
reactions are all familiar to the soil biochemist, as are the concepts involving micro-
pores, enzymatic activity, and habitat formation so important in early life studies
{Bada and Laszano, 2003).

Waksman (1938), in his book entitled “Humus,” states that from Theophrastus
{373-328 BCE) to the time of Wallerius (1709-1778 CE), the concept of oleum
untuosm, equating fertile soil with the fatness of the land, dominated the ideas
of naturalists. The word “humus” was extensively used in Virgil’s (79-19 BCE)
poetry about farming, food production, and the joys of country life. His poetry is
extensively quoted relative to soil fertility, decomposition, gardening, nature, the
environment, and organic agriculture, with the 39 BCE quote from the second
Georgics

“pinquis humus dulcique uliine laeta; Quique frequens hebis et fertilis libre
campus”

being the most familiar. The word humus, together with terra and solum, was used
for earth. It is the root word for humans, homo, and even posthumous, after the
earth or death. Virgil referred to dark soil as fertile, and the ancients knew that
dark-colored soil was more productive, absorbed more water, and was easier 1o till
than its lighter colored counterparts in the landscape. They had also observed that
exposure to lames often lightened the soil. Feller (1997) quotes Pliny the Elder
(23-79 CE) as saying

“the lupin penetrates the humus and wheat needs two feet of humus,”

The period of alchemy and the phlogistic theory continued to use the original
Latin definition of humus as soils or earth, as did Linnaeus (1707-1778), the great
Swedish botanist. He classified soils as Hunus daedalea (garden soil), Humus
rualis (field soil), and Humus latem (muck soil). The concept that the application
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of dung to the soil replaced some substances that had been removed by plants was
established in the 16th century. Van Helmont’s (1577-1644) experiments that con-
cluded that water was the source of plant nutrition were repeated by Robert Boyle
with the same conclusion, However, Woodward in 1699 showed that impure water,
such as that from the river Thames, increased the growth of mint. He also reported
that dung that returns parts of either vegetables or animals was the best way of
restoring soil. Boerhavein, in a 1727 textbook of chemistry, wrote that plants absorb
the juices of the earth. Tull in 1730 stated that small, earth-like particles serve as
nutrients for plants.

Wallerius in 1753 (see Feller, 1997) used the Latin word humus for loam or
mold, which at that time referred to the organic surface horizon relative to decom-
posing organic matter, and is thus credited with the modern use of humus for organic
matter. This was made easier by the fact that the later Roman and Latin texts then
utilized the word terra rather than humus for earth. Wallerius went along with the
thinking of that time in assuming humus was the essential nutritive element and
that other soil constituents acted in mixing or dissolving it and, thus, assisted uptake
by plants. Lime was considered to help dissolve the fat (humus) of the land and
the function of clay was to fix or retain this fatness. The Russian scientist Komov,
in his 1782 book on agriculture, associated the hydrophysical properties of soil and
its richness in nutrients with the presence of humus and stated that the “nutritive
juice™ of soil was produced by rotting.

De Saussure, known for his chemical studies, also spent considerable time on
humus. In 1804, he described humus as being of various complexes (oils and salts),
capable of absorbing oxygen and preducing CO,. He showed that it contained
more C and less O and H than the plant residues that went into its formation. He
also established that plants synthesize their organic matter from CO» and give off
O,. Thaer in 1808 differentiated between peat formed in limited O and mild
humus formed under adequate O,. He ascribed to the humus theory of plant nutri-
tion, which stated that humus was the direct source of plant nutrients. Thaer also
has been called the Father of sustainable agriculture (see Feller er al., 2003b). One
of his books stated,

“Latterly the practice of sowing white clover with the last crop has become
very general; only a few apathetic and indolent agriculturalists or men who are
firmly wedded to old opinions and customs, neglect this practice.”

It took the work of Sprengel in 1826, Licheg in 1840, and Boussingault in 1841 (see
Feller et al., 2003b) to found the concept of mineral nutrition of plants. However,
modem organic agriculwre still credits soil organic matter with properties other
than nutrient supply, water and nuirient relention, complexation, and aggregation.
Humic constituents in small quantities continue to be investigated for their effect
on plant respiration as does the use of specific plant- and microbial-derived mole-
cules as information signals for plant and microbial interactions (Vaughn, 1985,
Bais et al., 2004).
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Berzelius, first in 1806 and later in the 1830s, described the dark, black, and
lighter yellow humic compounds and showed their interactions with metals. Field
experiments carefully conducted in 1834 by Boussingault, considered the father of
modern scientific agronomy, analyzed the C, H, O, N, and mineral inputs in manure
relative to those in subsequent plant parts grown on manured soils. In 1826 and
1837, Sprengel found that the C content of humus is 58%, described the most impor-
tant characteristics of humates (its salts), and studied their decomposition and sol-
ubility characteristics. The Russian scientist German, in 1837, still believed that
humus was a direct source of plant nutrition, but found that cultivated soils contained
less humus than virgin ones and attempted to obtain scientific confirmation of the
value of rotations. This was a prelude to modem-day sustainable agriculture and
the questions arising today regarding soil C and global change. He also was the first
to question whether humic acids were chemically individual compounds, The large
number of fractions he, and later others, identified as constituents of humus was not
found to be reproducible and this led to a general questioning of the usefulness of
soil organic matter fractionation. Danish scientist Miiller (see Wilde, 1946) further

defined the solubility and characteristics of humics in his book “Natural Forms of
Humus” and developed the concepts of Mull and Mor in forest soils, Mull horizons
had earthworms and fungi, whereas earthworms were absent from Mor soils.

Dokuchaiev, the founder of Western soil science, recognized the involvement of
the five interacting factors of soil formation (parent material, vegetation, organisms,
climate, and time) in the development of rich, high-organic-matter, chernozemic
soils. Other scientists in this productive period include Kostychev, who in 1886
suggested that products synthesized by bacteria participated in the production of
humic substances (see Kononova, 1961). Hebert in 1892 and Dehérain in 1902
developed the concept of humus formation as the interaction of lignin and proteina-
ceous substances. Biichner is credited for his pioneering work in enzymology by
disrupting yeast cells to produce a cell-free system capable of alcoholic fermentation.
This later led to the many investigations of enzyme reactions in soils,

During the period of 1908-1930, Shreiner, Shorrey, and their co-workers used
large-scale extraction equipment 1o isolate 40 identifiable organics including hydro-
carbons, sterols, fats, organic acids, aldehydes, carbohydrates, and organic P and N
compounds. These studies gained a great deal of attention because of their precision,
but may have detracted from the overall study of soil organic matter as a natural
entity. They were a prelude to Waksman's detailed studies on the proximate analy-
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The translation of earlier Russian volumes _eplilled “Soil Organic Mullct:, Its
Nature, Its Role in Soil Formation and Soil Fertility” (Kononova, 1_96l)descr|b;d
organic matter much as it is defined lqday and broughtl togelher‘ llleraluTc onrrl (:
role of physical, chemical, and biologu:a.l factors of soil fon_nau(’)’n and its ed ei::
on cultivation. Stevenson’s 1994 book enu'tled “Hl:lmus_Chemlslry “recognize : t ,e
role of humic and fulvic acids and humic fruf:llonat]on and dellnealt?d ‘Eoday.s
knowledge of organic C, N, P, and § trunsformaum:ls. A:ken. et.m'. .(I985) in .Humtl)c
Substances in Soil, Sediment and Water” recognize the similarity of humic s'u -
stances in soils, sediments, and water. They .descrllbe methods, such as.NMlR‘ and
pyrolysis mass spectrometry, for studying this series of comPlex, and still difficult
to study, scil organic matler constituents that form such gn 1mp'0rta?m component
of present-day sustainable agriculture and glo_bul chapge mvesugauons: il

Nitrogen is important as a constituent of soil organic matter, as a nulnen.t in so;
fertility, in water pollution, and in trace-gas, rzfdmuve forcing in global ch‘mg’e. t
thus continues to receive a great deal of attention. It took a grf:at deal of .rcsearc'h
and many publications to delineate the processes of Nz fixation upd N 1n:1m0h1-
fization, mineralization, plant uptake, and demmﬁcanon.‘ The reviews edlle by
Bartholomew and Clark (19653), Stevenson (1982), and Mosu_:r .et al. (2004) delineate
the use of instrumentation, tracers, and inhibitors in delermmmg lhle5 proces§e.s and
rates in soils. In 1943, Norman and Werkman labeled soybeans with *“N. Addition of
the labeled residue to soil showed that 26% of the tagged N was recove:;ed by a sub-
sequent crop. Work with both '*N and '*C by Broadbent and Norman in 1946, and
Broadbent and Bartholomew in 1948 (see Jansson, 1958, Paul fmd Van \{een, 1978),
established the principles for the use of soil tracers. The equallon's of Kirkham and
Bartholomew { 1955) for mineralization-immobilization and the epic work of Jannson
{1958) on soil N dynamics should be required reading for anyone today contem-
plating tracer studies. ' . .

The advent of tracers in the 1940s came at a time when the principles affecting
plant decomposition had been reasonably established. I-!armsen and van Schreven
(1955) summarized the early work on the eifects of environmental factors and the
possibility of soil biota turnover in subsequent releases of N as follows:

“The study of the general course of mineralization of organic N was pra'ctic‘all;-'
completed before 1935, It is surprising that many of the modern pub{lcathns
still consider it worthwhile to consider parenthetical observations dealing with

-
<

sis of organic matter in which he rejected the concepls of humic and fulvic acids.
However, Tyurin in his 1937 book (see Kononova, 1961) on the organic matter of

these entirely solved problems.”
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soils and Springer in 1934-1935 (sec Kononova, 1961) regarded Waksman's
denial of the existence of specific humic soil compounds as unfounded and incorrect,
and claimed that proximate analysis, as suggested by Waksman, would not stand
the test of time in that it characterized only a small {raction of humus. However,
some mistrust of humic acid characterization, generated by Waksman’s criticisms,
continues today in Western soil science, although humic acid chemistry is well
accepled in aquatic research in both marine and freshwater environments,

These authors then pointed out that the relationships between C and N alncl ‘Ihe
effects of environmental factors had to be determined for each soil type, md:cal!ng
that the underlying controls were not understood nor could the dynamics of resist-
ant compounds be measured. )
Libby developed the '*C dating technique in 1952. It was used for peats, buried
soil profiles, and soil pedogenesis by Simonart and Mayaudon in 1958, Simonson
in 1959, and Tamm and Ostlund in 1960 (see Paul and Van Veen, 1978). In 1964,
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Paul and co-workers carbon dated soil organic matter fractions to calculate their
mean residence times. The further interpretation of carbon dating by Scharpenseel,
and Stout and Rafter (see Goh, 1991), did a great deal to establish pools and fluxes
for modeling purposes. Decomposition expertments with plant residues with
laboratory-enhanced “C contents provided much information on the effects of
soil type and climate management in studies by Sorensen in 1967, Jenkinson and
Rayner in 1977, and Sauerbeck and Fiihr in 1968 (see Paul and Van Veen, 1978).
Differences in naturally occurring 'iC resulting from C3 + C4 plant vegetation
switches and from enhanced CO;, experiments are now being effectively utilized
to answer global change and soil and ecological sustainability questions invol ving
soil organic matter (Coleman and Fry, 1991; Boutton and Yamasaki, 1996),

The use of tracers allows one to also measure nentracer soil C and N. There is
continual turnover of organic matter during decomposition, and tracer experiments
often show more soil C and N being released than can be determined in the absence
of the tracer. Some of today’s authors are mistakenly calling this priming. Fontaine
et al. (2004) credit Lshnis as defining priming in 1926 as an increased availability
of nutrients due to higher microbial activity resulting from the addition of substrate,
With the use of tracers, Broadbent and Bartholomew (1948) aiso defined priming as
the increased mineralization of unlabeled soil organic matter constituents in the pres-
ence of avatlable fertilizer N or labeled plant residues. Replacement by the tracer
of nontracer C or N during normal soil dynamics must be taken into consideration
before priming is said to occur. it is hoped that today’s authors will read the original
literature and not erroncously redefine what was established many years ago,
Priming does occur. We must, however, use a mass balance approach together with
the tracers to determine that it is a net release of the nutrients from soil organic mat-
ter and not a normal exchange of the tracer for nontracer isotopes during microbial
growth and product formation,

There are excelient reviews on soil N, such as Bartholomew and Clark (1965),
Stevenson (1994), and Mosier et al, (2004). These contain discussions of the sig-
nificance of fixed ammonia as part of total soil N, especially with regard to depth,
in clay soils. Today’s literature seems to have forgotien this constituent, It is hoped
that in the next 10 years, we will not read a spate of papers that claim to have newly
discovered this not necessarily active, but important, N component.

Fred et al. (1932), Stewart (1975), and Graham (2000) have reviewed N, fixation.
Prosser (1986) and Norton (2000) reviewed nitrification, whereas N losses, especially
those leading to pollution and global warming, have been covered in Robertson
(2000) and Groffman (2000). Publications such as “Biogeochemistry” {Schlesinger,
1997) and “Geomicrobiology” (Ehrlich, 1996) cover related areas of nutrient cycles
and exchange in soils, freshwater sediments, and the vadose zone. The fact that the
processes and process controls are similar in all environments is heartening for our
level of knowledge. These controls lead 1o a rather similar composition for organic
matier in most aerobic terrestrial soils, Modeling, such as that used by Jenkinson and
Rayner (1977), is now an integral part of soil biochemistry used to test concepts and
extrapolate information to different landscapes and for future predictions. Whether
the ability to develop reasonably descriptive models based primarily on soil organic
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FIGURE 1.2 A dog's eye view of decomposition and soil organic matter formation. Copyright
1962; reprinied by penmnission of United Feature Syndicate, Inc.

matter dynamics, but not soil population data, can be attributed to Lh'c gre;t[ zc;i:;cll;;:t:z
of microbial populations or to the fact that our qucls are n(;lo yel im,f-; o
require population input data is yet to be determined. The -v?gl.é?) I,ms flod ks
Bt o Past o Lt ir:;t:flcg b{ ll:ACLl‘l‘:lmI;(;ingp‘I:lt f;:'i:’ rt;:oughl log(;mer infor-
coedited by Paul and Ladd and by Stotsky a . : "
ati iologically related soil processes and components, nutrient cyc‘

g:lil;?gle:nllbéioﬁso czvcred extraterrestrial life, soil cnzym.es. ;m'd .polijuj:z:l:::c:; nlhsia1
affect soil organisms and the environment. The best way o .s}.um.m_anlz)e' m;[; ot
s0il biochemistry is to republish the cartoon from lhf comic sg'lpl ‘)ea s

included in the first volume of the “Soil Biochemistry™ series (Fig. 1.2).

IN PERSPECTIVE
H Ao 9 N H " ir
The soil microbiologist, ecologist, and biochemist must be aware that the

i ati : apes, and
organisms and processes are affected by soil type, vegetation, langzc;‘:}: Sl
management. Forestry and rangelands are a very important comp
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studies. Wilde (1946), in his very readable book “Forest Soils a
quotes the following from the Kalevala, the National E

approximately 900 BCE,
soil type and vegetation.

Seeds upon the land he scatters,
Seeds in every swamp and meadow,
Forest seeds upon the loose carth,
On the firm soil he plants acorns,
Spreads the spruce seeds on the mountains,
And the pine seeds on the hill-tops,
In the swamps he sows the birches,
On the quaking marshes aiders,
And the basswood in the villieys,
In the moist carth sows the willows,
Mountain ash in virgin places,
On the banks of streams the hawthorn,
Junipers on knolls and highlands;
Thus his work did Pellerwoinen. . . .
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nd Forest Growth,”
pic of the Finns, dated 10
showing that early man recognized the interaction of
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reat biodiversity of soil biota in both macro and micro forms, and the impor-
e s that need (o be answered, indicate to me that many of the new con-
in our field will come via the study of the physiology and.ecology of soil
Gl as well the processes they mediate relative to soil nutrient transforma-
qrgaHISlT(;S. ilobal biogeochemical cycles. This text, therefore, has chapters on the
o gbiochcmistry of organisms as well as on ecology in an alte:m'pl to
physwlo%]f-understanding required to provide a foundation for the interdisclplmar'y
enhancch Sﬂ that will continue to provide exciting new concepts in our field. It is
appl‘(:lafh; the individual chapters will provide new breakthroughs, concepts, r}'teth-
e d ideas, as well as more individualized references. Figure 1.3 shovi/s the inter-
gg;;ﬁlc]lence o'f soil microbiology, ecology, and biochemistry, some of its fields of
its applications. .
smfil");;: r}gsiogzgfegsi:pﬂ:;zavolume will provide an oversight of the individual
A d, it is hoped, provide insights into the future. . ‘
Ch?itﬁsrssez:ir;lion is delc)licalzd to that great sloil microbif)loglst, F. EI. Clat:ﬁ; ,::.l::::
keen insight and clear writing were such a joy to rt‘:ad in many ear |¥ puiql itions,
as well as in the first two editions of “Soil Microbiology and Biochemistry.

tant question
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THE SOIL HABITAT

R. P. VORONEY

Introduction

Soil Genesis and Formation of the Soil Habitat
Physical Aspects of Soil

Soil Habitat Scale and Observation
References and Suggested Reading

At first sight nothing seems more obvious than that everything has a beginning and an end
and that everything can be subdivided into smaller pants, Nevertheless, for emtirely specu-
lative reasons the philosophers of Antiquily, especially the Stoics, concluded this concept
to be quite unnecessary, The prodigious development of physics has now reached the same
conclusion i those philosophers, Empedocles and Democritus in particular, who lived
around 500 BCE and for whom even ancient man hid o lively admiration, (Svanie Arrhenius,
Nobel Lecture, 1903)

INTRODUCTION

Soil is the naturally occurring, unconsolidated mineral and organic material at the
earth’s surface that provides an environment for living organisms. Recently, it has
been referred to as the carth’s “critical zone™ and as deserving special status,
because of its role in controlling the earth’s environment and thus affecting the
sustainability of life on the planet. This concept, that the earth’s physicochemical
properties are tightly coupled to the activity of the living organisms it supports,
was proposed in the early 1970s by James Lovelock as the Gaia hypothesis. He
theorized that the Earth behaved as a superorganism, with an intrinsic ability to
control its own climate and chemistry and thus maintain an environment favorable
for life. However, it is only microorganisms that have proven they can sustain the
biosphere and can do so even without larger organisms.
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