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PREFACE
Soil	microbiology	is	a	discipline	that	describes	the	numbers,	fate,	activity,	and
interactions	of	microorganisms	present	in	soil,	and	how	they	are	affected	by
their	environment.	The	soil	microbial	community	is	largely	responsible	for
the	cycling	of	carbonaceous,	nitrogenous,	and	phosphorous	compounds.	Soil
microorganisms	can	be	involved	in	plant-pathogenic	reactions,	as	well	as	in
biological	transformations	of	xenobiotic	compounds	added	to	soil.	Soil	also
represents	a	natural	reservoir	of	genetic	information	and	soil	organisms,	many
of	which	are	unculturable	and	hence	unknown.

There	are	good	reasons	to	study	and	understand	the	principles	underlying	soil
microbiological	phenomena.	Understanding	the	function	of	the	soil	ecosystem
in	relation	to	ever	changing	soil	conditions	is	key	to	understanding	the	basic
mechanisms	of	soil	productivity.	This	is	important	in	light	of	the	urgency	to
change	agricultural	practices	and	also	because	of	current	problems	of
xenobiotic	compounds	in	soils.	The	capacity	of	soil	microbial	populations	to
cope	with	xenobiotic	and	other	stressesthe	possible	perturbations	caused	by
pollution,	intense	agricultural	practice,	or	changing	land	useare	of	major
interest.	In	addition,	the	possibility	of	involvement	of	nonculturable	or	minute
cell	fractions	in	these
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and	other	important	soil	processes	presents	an	intriguing	topic	for	innovative
research.

Recent	developments	in	the	application	of	molecular	biological	techniques	to
ecological	questions	have	revolutionized	concepts	in	soil	microbial	ecology.
In	particular,	soil	DNA	and	RNA	extraction,	nucleic	acid	reassociation,
determination	of	G	+	C	content	of	whole	microbial	populations,	specific
hybridization	and	polymerase	chain	reaction	(PCR)	techniques,	cloning	and
sequencing,	denaturing	gradient	gel	electrophoresis	(DGGE)	of	16S	rDNA
based	soil	DNA	amplicons,	as	well	as	reporter	gene	technology,	have	proven
to	be	powerful	tools	for	the	assessment	of	the	ecology	of	microorganisms	in
their	natural	environment.	These	as	well	as	techniques	based	on	the	detection
of	other	cellular	macromolecules,	such	as	fatty	acid	lipids,	have	also	provided
new	insight	into	elucidation	of	the	nonculturable	fraction	(the	silent	majority)
in	soil	microbial	populations	and	have	shed	light	on	the	quantity	and	activity
of	the	culturable	bacterial	fractions.

In	addition,	the	molecular	biology	of	the	starvation	and	stress	survival
programs	in	certain	nondifferentiating	soil	bacteria	is	beginning	to	be
elucidated,	as	is	the	response	of	bacteria	to	environmental	triggers	such	as
those	occurring	in	bulk	soil	or	in	the	rhizosphere.	Knowledge	of	the	effect	of
the	soil	environment	on	the	physiological	state	of	bacteria	in	soil	is	an
important	developing	area	of	research,	and	interesting	information	on	the
effects	of	different	root	parts	versus	bulk	soil	have	been	obtained.

The	issue	of	putative	biosafety	problems	associated	with	the	release	of
genetically	modified	microorganisms	to	soil	has	spurred	research	on	the
extent	to	which	gene	transfer	between	microorganisms	takes	place	in	soil	as
affected	by	soil	factors.	These	studies	have	also	provided	insight	into	the	role
gene	transfer	plays	in	the	evolution	of	microorganisms	in	their	natural
environment.

In	light	of	the	intrinsic	complexity	of	soil	and	the	potential	offered	by	several
recent	exciting	methodological	developments,	soil	microbiology	can	be
considered	one	of	the	last	frontiers	in	science.	There	has	been	great	progress
lately,	and	even	greater	progress	will	be	made	in	the	near	future	in	addressing
and	unraveling	some	of	the	great	unknowns	of	soil	microbiology.

The	novel	techniques	applied	recently	to	soil	and	new	insights	into	the
diversity	as	well	as	physiology	of	bacteria	in	this	habitat	represent	knowledge
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not	presently	covered	in	any	other	textbook.	This	text	provides	a	description
of	currently	accepted	principles	of	soil	microbiology,	updated	and	combined
with	insights	obtained	via	the	use	of	molecular	techniques.	The	intended
readership	are	graduate	and	undergraduate	students	as	well	as	professionals
who	require	a	quick	entry	into	this	fascinating	intersection	of	classical	soil
microbiology	and	rapidly	evolving	molecular	biology	applied	to	soil
microbial	ecology.

The	first	section	describes	accepted	concepts	of	soil	microbiology,	picturing
the	soil	and	rhizosphere	as	habitats	for	microbes	to	live	in,	discussing
different	soil	microbial	groups	(bacteria,	fungi,	protozoa,	and	nematodes),	and
microbial
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processes	and	interactions.	The	second	section	is	devoted	to	the	composition
and	activity	(gene	expression)	of	soil	microbial	populations,	as	determined	by
molecular	techniques.	This	new	information	is	integrated	with	current
knowledge	on	soil	microbiology.	These	chapters	are	unique	in	that	no	other
current	soil	microbiology	volume	has	managed	to	cover	all	the	different	new
developments.	The	final	section	addresses	a	series	of	applied	aspects	of	soil
microbiology.	Here,	basic	microbial	ecology	in	areas	such	as	the	ecology	of
plant	pathogenesis,	bioremediation	of	soil,	perturbations	by	heavy	metal
pollution,	and	soil	manipulation	via	plowing	or	manuring	is	discussed.

We	would	like	to	thank	all	the	authors	who	contributed	to	this	text	for	their
expertise	and	patience.	Special	thanks	are	also	due	to	the	editors	at	Marcel
Dekker,	Inc.	for	their	excellent	work.

JAN	DIRK	VAN	ELSAS
JACK	T.	TREVORS
ELIZABETH	M.	H.	WELLINGTON
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