
This	lecture	is	on	the	soil,	the	medium	that	is		home	to	plants	and	microbes.		
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Soils	is	not	Dirt.	This	is	a	list	of	the	broad	topics	we	will	cover	in	this	lecture	
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Even	soils	have	poems.	I	love	the	fact	that	a	soil	scien>st,	who	must	dig	holes,	is	named	
Hole.		We	also	joke	PhD	stands	for	post-hole	digger,	which	many	of	us	implement	in	our	
work.	
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Soils	provide	many	services	for	society,	agriculture	and	ecosystems.		Society	depends	on	
the	health	of	soils.	Historically,	clays	were	used	for	poHery	to	hold	and	store	food,	water	
and	wine	
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Soil	is	precious.	It	took	thousands	of	years	to	form,	yet	we	destroy	it	quickly	through	
erosive	and	non-sustainable	ag	prac>ces	and	paving	over	our	best	soils	for	homes.	
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Several	books	that	tell	the	story	of	soils	and	society.		The	rise	and	falls	of	civiliza>ons	is	>ed	
to	how	well	we	husband	or	are	stewards	of	our	soils.			
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The	history	of	UC	Berkeley	is	>ed	to	the	field	of	soils.		The	Morrill	land	grant	act	of	1862	
established	the	public	land-grant	colleges	that	are	spread	across	the	US;	its	mission	was	
>ed	to	a	need	to	understand	soils	and	crop	produc>on.		Later,	1887	Congress	funded	the	
act	that	supported	the	Agricultural	Experiment	Sta>ons.		Eugene	Hilgard	(Hilgard	Hall,	
Hilgard	St)	was	a	pioneer	in	studying	soils.		Of	German	origins,	he	came	to	Cal	in	the	late	
1800s	and	led	the	development	of	the	Agricultural	Experiment	Sta>on	on	the	Berkeley	
campus.	
	
There	was	a	dark	side	to	Hilgard’s	past.		Before	coming	to	California	he	was	a	chemist/
geologist	who	served	as	a	confederate	scien>st	inMississippi	during	the	Civil	war	(used	his	
skills	to	develop	explosives).	
	
Hans	Jenny,	a	Swiss	scien>st,	was	the	2nd	giant	in	soils	at	Cal.		He	is	known	for	the	state	
factors	of	soil	forma>on	and	did	lots	of	research	on	the	pygmy	forest	up	near	Mendocino	
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Here	is	the	first	soils	map	of	California.	It	was	compiled	with	thousands	of	manual	soil	
samples	and	hand	drawn.		An	original	is	posted	in	Hilgard	hall	
	
Why	is	such	a	map	so	important	towards	the	development	of	California?	
	
It	guided	agricultural	development	through	the	state,	a	mul>	billion	dollar	industry.	
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Graphic	showing	the	different	forms	of	life.	There	is	lots	of	symbiosis	at	the	scale.		Roots	
exude	carbon,	roots	are	connected	to	root	fungi,	mycorrhyzae,	bacteria	and	other	
microbes	feed	off	these	micro	ecosystems,	etc	
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Soils	are	alive	and	serve	many	purposes	as	a	physical	and	biological	medium.	Add	a	liHle	
water	to	some	dry	soil	and	you	immediately	smell	the	vola>le	compounds.		Put	it	in	an	
infrared	gas	analyzer	and	see	CO2	concentra>ons	rise.	
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A	lot	of	biogeochemical	ac>on	is	ongoing	across	the	interface	of	soils	and	air.	Because	the	
biological	actors	and	the	physical	components	of	soil	structure	are	so	small	there	is	huge	
microscale	variability	in	the	soils.		Anaerobic	microsites	may	be	adjacent	to	aerobic	
microsite,	hence	suppor>ng	different	microbial	communi>es	and	the	associated	biogenic	
trace	gases	being	produced	
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What	Is	soil?		Here	are	the	components	that	govern	its	texture.	Clay,	Silt	and	Sand	are	the	
main	components	of	soils..yet	there	can	be	gravel	and	rock	in	some	soils,	like	in	the	wine	
country.		The	graphic	gives	perspec>ve	on	the	rela>ve	size	of	the	par>cles.		Size	frac>on	
can	be	determined	by	seHling	
	
Cartoon	credit:	
hHp://cals.arizona.edu/watershedsteward/resources/module/Soil/soils-intro-pg5.htm	
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There	are	prac>cal	ways	to	tell	if	the	soil	is	clay.	And	clay	has	been	used	by	humankind	for	
art,	poHery	and	cooking	by	ceramics	
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Learn	to	read	a	3	dimensional	figure.		The	best	soils	tend	to	be	loams	with	the	goldilocks	
mix	of	sand,	silt	and	clay.	They	have	ample	ca>on	exchange	for	fer>lity	and	good	water	
holding	capacity	for	sustaining	plants	
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Soils	of	Cote	du	Rhone,	with	huge	stones,	support	the	extensive	growth	of	vines	and	the	
produc>on	of	fine	wine	
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Soils	evolve	in	layers	called	horizons.		The	most	rockiest	and	closest	to	parent	material	is	at	
the	boHom.		The	most	organic	and	fer>le	is	near	the	top.	
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Like	plant	func>onal	types,	soils	have	names	for	their	structure	that	is	associate	with	
different	climates	and	biomes.		This	is	a	list	of	broad	soil	orders.		Remember	a	few	of	the	
key	ones.		Gelisols	are	like	gellato,	frozen.	Mollisols	are	the	rich	soils	of	former	grasslands	
that	make	up	much	of	the	corn	belt.	Oxisols	are	the	poor,	leached	soils	of	the	tropics.		
Remember	it	rains	there	a	lot	and	it	has	consequences	on	soil	forma>on	and	sustainability.	
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This	map	shows	how	these	soils	are	distributed	across	the	globe	
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Soils	are	perseverant.	I	was	amazed	as	a	kid	driving	up	to	the	Sierras	and	seeing	trees	
growing	in	rocks..		It	took	life	to	break	down	rock	to	form	soils	that	could	later	beget	life.	
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The	source	of	CO2	in	the	soils	is	ofen	by	respira>on	of	roots	and	microbes.	CO2	
concentra>ons	in	the	soils	can	build	up	to	thousands	and	10s	of	thousands	of	parts	per	
million,	10x	to	100x	that	of	the	atmosphere.	Hence,	acidic	condi>ons	are	more	likely	to	
occur,	favoring	the	weathering	processes.	
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Presence	of	roots	accelerate	weathering!!	
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Jenny’s	theory	is	known	as	CLORPT,	climate,	organism,	relief,	parent	material	and	>me…It	
takes	>me	to	form	soils.		So	they	are	precious.	Soils	we	lose	to	bad	management	take	a	
long	>me	to	reform.		Look	into	soil	conserva>on	service	and	its	predecessors	were	formed	
in	the	1930s	at	the	height	of	the	dust	bowl	to	protect	eroding	soils	and	farms.	
	
	
See	pdf	of	state	factor	book	
www.forestsoils.org	
	
Fao.org		univ	wash	
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Why	is	climate	important?	How	and	Why?	What	climate	factors	are	more	or	most	
important?	
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How	do	organisms	form	soil?		Last	week	I	went	hiking	to	Jenner	Headlands	and	was	
amazed	at	how	burrowing	animals	turned	the	soil	over	and	over,	gophers	and	badgers	
were	big	actors.		Look	at	road	cuts	and	observe	the	grada>on	in	soils	down	through	the	
root	zone,	which	is	blacker	and	more	organic	than	the	lower	horizons.		Roots	bring	carbon	
deep	into	the	horizon.	LiHer	loads	the	upper	O	horizons.		The	inputs	of	organic	maHer	can	
come	from	both	dead	and	live	plants.	
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Topography	or	relief	affects	soils	by	their	exposure	to	the	sun,	and	affec>ng	if	water	pools,	
or	drains.	Steeper	slopes	can	facilitate	erosion.	
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This	paper	by	Berkeley’s	Bill	Dietrich	tells	the	story	on	how	topography	and	life	work	
together	to	affect	soil	forma>on,	erosion	and	land	morphology	
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Clays	are	made	of	aluminum.	Aluminum	is	NOT	a	plant	nutrient	

33	



34	



35	



Why	care	about	the	physical	proper>es	of	soils?	
	
Physical	proper>es	are	important	to	compare	and	classify	soils,	to	model	the	transfer	of	
heat,	water	and	gases	through	soils,	and	the	biological	ac>vity	in	soils	
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Soil	temperatures	follow	a	sinusoidal	paHern	on	daily	and	annual	>me	scales.		The	most	
extreme	wave	is	at	the	shallowest	layer.	Going	deeper	introduces	a	phase	lag	and	a	decline	
in	amplitude.		At	the	damping	depth	soil	temperatures	are	steady.		On	this	day	the	
shallowest	layer	may	reach	38	C.	On	a	hot	day	it	can	reach	50	C+	
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There	is	close	agreement	between	mean	soil	temperature	and	mean	annual	air	
temperature.	This	can	be	an	important	lower	boundary	condi>on	for	climate	models.	
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Wine	cellars	and	geothermal	heat	pumps	take	advantage	of	the	steady	temperatures	of	
deep	soils,	which	tend	to	match	annual	air	temperature.	The	temperature	of	a	wine	cellar	
stays	steady	near	the	mean	annual	air	temperature	of	the	region.	
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The	natural	world	is	highly	variable	in	>me	and	space.		Here	a	few	meters	away	soil	
temperature	can	change	several	degrees	
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Different	soils	have	different	heat	capaci>es	and	these	vary	with	soil	moisture	content.	
Hence	they	will	warm	and	cool	differently	from	one	another.		How	does	the	heat	capacity	
of	liHer	or	organic	maHer	differ	from	mineral	soil?	
	
It	is	lower,	so	it	conducts	heat	less	well	and	can	be	an	insulator,	hence	the	roles	of	mulches	
to	minimize	frost.	
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A	liHle	more	detail	on	water	poten>al	with	some	equa>ons!	
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The	sign	rela>ve	to	a	reference	point	determines	if	pressure	poten>al	is	posi>ve	or	
nega>ve	
Remember	it	takes	Energy	to	move	water	uphill.	Moving	water	across	the	state	involves	
pumping	it	uphill.	
State	Water	Project	uses	3%	of	all	of	California’s	electricity	demand	moving	water	across	
the	state	and	pumping	it	uphill	
hHps://www.nrdc.org/water/conserva>on/edrain/edrain.pdf	
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Field	capacity	is	the	water	poten>al	where	a	soil	is	at	its	weHest	for	plants	and	microbes.		It	
is	defined	as	the	water	poten>al	that	occurs	about	24	hours	afer	a	rain	or	irriga>on	event.		
It	has	a	value	of	-0.3	bars	or	-0.033	MPa.				Wil>ng	point	is	the	water	poten>al	were	it	is	too	
energe>cally	expensive	for	life	to	extract	water	from	the	soil.		This	value	occurs	at	about	
-15	bars	or	-1.5	MPa.		Do	note	that	some	plants	have	adapted	and	evolved	to	withstand	
water	poten>als	below	this	level,	but	it	is	a	good	guideline	for	drought	and	where	water	
may	become	unavailable	to	microbes	and	plants.	
	
Remember	water	poten>al	for	pure	water	is	zero.		Note	that	this	field	capacity	is	universal	
among	soils,	but	corresponds	with	different	volumetric	water	contents	for	soil	textures.		
Field	capacity	for	a	sand	may	occur	at	0.15	cm3	cm-3,	which	is	biologically	too	drive	for	a	
clay.	
	
Conversely,	permanent	wil>ng	point	can	occur	at	a	much	greater	volumetric	water	content	
for	clay	than	a	sand.		A	sand	is	biological	dry	at	a	water	content	of	0.26	cm3	cm-3,	which	
would	saturate	a	sand.		Hence	it	is	more	important	from	a	biosphere	perspec>ve	to	know	
the	water	poten>al	of	the	soil	and	how	water	poten>al	and	water	content	of	each	soil	
texture	map	upon	one	another.	
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The	available	water	is	between	Field	capacity	and	Wil>ng	point.	Loams	tend	to	hold	the	
most	available	water.	
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Map	assessing	water	holding	capacity	of	soils	across	the	globe.	
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Roots	are	key	to	extrac>ng	soil	water,	as	well	as	anchorage.		With	>me	they	alter	the	
structure	of	the	soils	
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This	is	a	plot	of	roots	distribu>ons	in	soils.		The	mid	point,	0.5,	tells	us	where	half	the	roots	
are.		For	most	func>onal	groups	roots	are	in	the	upper	25	cm.	Remember	this	is	where	the	
nutrients	are,	the	soil	has	its	best	>lth	due	to	liHer	inputs,	roots	need	oxygen,	so	the	
porosity	of	these	upper	layers	facilitate	gas	transfer.		Deeper	roots	are	for	anchorage	and	
tapping	ground	water	and	deeper	water	reservoirs	
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Roots	are	real	hard	to	dig	up	and	analyze.	We	are	trying	to	detect	big	roots	with	ground	
penetra>ng	radar	

53	



Here	is	our	es>mate	of	the	root	distribu>on	in	soils	with	GPR	

54	



55	



56	



57	



58	



59	



Changes in the balance of important soil processes caused by human 
disturbance. Many soil characteristics are the balance or the result of a 
number of processes that respond to changes in environmental variables (3). 
However, properties such as hillslope soil thickness, organic carbon storage, N 
content, and other features attain steady state in intervals of a few centuries to 
millennia and appear capable of regaining stability. Human intervention in soil 
processes many times exceeds natural perturbations and thus exceeds the 
resiliency of soil to recover to its original condition. Viewed broadly, steady 
state is a quantitative measure of soil sustainability. 



See	sanchez	agron	review..70%	of	soils	in	tropics	of	western	hemisphere	are	acid,	low	
fer>lity	oxisols	and	u>sols.		Despite	thse	weaknesses	these	soils	can	support	ag	if	done	
properly	
	
Low-input	soil	management	technology	is	based	on	three	main	principles:	(1)	adapta>on	of	
plants	to	the	soil	constraints,	rather	than	elimina>on	of	all	soil	constraints	to	meet	the	
plant's	requirements;	(2)	maximiza>on	of	the	output	per	unit	of	added	chemical	input;	and	
(3)	advantageous	use	of	favorable	aHributes	of	acid,	infer>le	soils.	It	should	be	emphasized	
that	the	elimina>on	of	fer>liza>on	is	not	contemplated		
	
Palm,	sanchez	et	al	annual	reviews	environ	soils	perspec>ve	2007	
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In	Africa	Sanchez	advocates	adding	na>ve	rock	phosphate	to	the	soil	while	simultaneously	
plan>ng	selected	nitrogen-fixing	trees	and	bushes	alongside	rows	of	crops.	
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The global patterns of soil properties and the human imprint on them. 
Expanding urban centers (55) remove soil from other uses, whereas the 
creation of cropland (56) is one of the major drivers of imbalances in the soil 
carbon cycle (57) and accelerated rates of soil erosion (58). Phosphorus, a 
critical plant nutrient, is unevenly distributed and inherently low in warm and 
humid climates (59). 


