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	Soil	biodiversity	as	driver	for	mul8ple	
ecosystem	services	on	cropland		
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Swedish	Univ.	Agric.	Sciences		
Uppsala,	Sweden	

Take	home	message	
•  Farmland	soils	threatened	by	poor,	intensified	
and	short-sighted	management		

•  Soil	biodiversity	contributes	to	benefits	for	
farmers	and	society	(ecosystem	services)	
– Soil	structure,	soil	fer8lity	
– Posi8ve	organisms	for	crop	produc8on	

	

•  Soil	ecosystem	services	must	be	managed	well	
with	long-term	perspec8ves	to	fully	u8lise	their	
poten8al	benefits		
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Soil	is	an	asset	in	agriculture	
What	makes	soil	valuable?	
•  Value	of	soils	recognized	already	in	an8quity	
•  Land	the	source	of	wealth	in	classical	economics	
•  Important	part	of	natural	capital	
•  Why?		–		Food	is	central	to	socie8es	everywhere	
	

Soil	is	an	asset	in	agriculture	
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…	When	the	roots	of	the	plants	and	the	trees	cease	to	nourish	their	mother,	
the	result	is	that	the	soil	grows	lean	…	because	of	our	own	lack	of	energy			
our	cul:vated	lands	yield	a	less	generous	return	…	we	may	reap	greater	
harvests	if	the	earth	is	quickened	again	by	…	manuring	(Columella	≈70	AD)	
		
Natural	capital,	in	the	form	of	land	…	including	“the	soil,	…”	(Malthus,1853),	
…	has	a	core	posi:on	in	classical	economic	analysis	(Gomez-Baggethun	2010)	
	

The	economic	func:on	is	one	of	many	vital	func:ons	of	land.	It	invests	man’s	
life	with	stability;	it	is	the	site	of	his	habita:on,	a	condi:on	of	his	safety;	it	is	
the	landscape	and	the	seasons.”	(Karl	Polanyi	1944)		



18-02-27	

3	

Why	is	soil	biodiversity	important?	

•  Healthy	soils	–	high	biodiversity	
•  Biodiversity	contributes	to	soil	func8ons	

– Decomposi8on	of	plant	materials	
– Cycling	of	nutrients	
– Soil	structure	

•  Ethical	–	intrinsic	–	values	of	species	and	
nature	

From	Atlas	of	Soil	Biodiversity	JRC	

Why	is	soil	biodiversity	important?	

•  Soil	and	biodiversity	–	limi8ng	natural	
resources	under	threat	
–  Intensified	land	use	
– Urbanisa8on	and	industrialisa8on	

•  Importance	recognized	in	EU	and	globally	
– Atlas	of	soil	biodiversity	
– MAES	-	Mapping	and	assessing	ecosystem	services	
–  IPBES	

From	Atlas	of	Soil	Biodiversity	JRC	
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Soils	in	Europe	are	under	threat	
Microorganisms	 Soil	animals	

Soil	func8ons	(services)	
Risk	
Low						

	
	
	

High	

Atlas	of	Soil	Biodiversity	JRC	

Ecosystem	services?	
�The	condi8ons	and	processes	through	which	natural	ecosystems	
and	the	species	that	make	them	up,	sustain	and	fulfil	human	life�		

	 	 	 	 	(Daily	1997,	Nature�s	services)	
	

�The	benefits	human	popula8ons	derive	directly	or	indirectly	from	
ecosystem	func:ons�		 	 	(Costanza	et	al.	1997)	



18-02-27	

5	

Ecosystem	services	
•  Ecosystem	processes	and	func8ons	that	benefit	
humans/society	

•  Earlier	also	called	environmental	or	soil	services	
•  IPBES:	Natures	contribu8ons	to	people	(NCP)	
Examples	
•  Crop	yield	–	provisioning	service	
•  Pollina8on,	biological	control,	soil	fer8lity	–	
regula8on	and	maintenance	

•  Recrea8on	–	cultural	services	

Map	powered	by	
CorTexT	Manager	
(INRA),	www.cortext.net	

•  Studied	by	different	disciplines	
•  Agriculture:	

	Popula8ons	vs.		
	Plant-soil	
				ecosystems	vs.		
	Land	use	and 		
				resources	

A	

B	
C	

Ecosystem	services	

From	Barbier,	Bengtsson	et	al.	TempAg	report	(2016)	

Text	analysis	of	ES	
and	related	terms	
in	agriculture	
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What	is	soil	biodiversity?	
•  Many	different	organisms	

Microorganisms:	
Bacteria	&	fungi	

Nematodes	(roundworms)	

Microarthropods	
Mites	&springtails	

Earthworms	

Isopods	

Insects	Plants	

What	is	soil	biodiversity?	
…	connected	in	food	webs	that	func8on	as	wholes	
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Soil	ecosystem	services	
•  Ecosystem	func8ons	in	soils	
•  Produced	by	organisms	performing	biological	
and	ecological	processes	
– Fixing	carbon,	using	nutrients,	ea8ng,	growing,		
&	dying	

	i.e.	carried	out	by	soil	biodiversity	

Soil	ecosystem	services	and	resources	
Water	
services	Carbon	

sequestra8on	
Climate	

regula8on	

Nutrient	
cycling	

Food,	
fibre,	fuel	

Cultural	
heritage	

Habitats	for	
organsisms	

Construc8on	
materials	

Founda8on	for	
infrastructure	

Gene8c	resources,	
pharmaceu8cals	

Flood	
regula8on	

Source:	FAO	
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•  Are	not	”nature’s	contribu8ons	to	people”	or	society	
•  They	are	managed	–	co-produced	–	by	humans	and	
nature	

Soil	ecosystem	services	

Figs	from		
Rist	et	al		
2014	

Shiking	
cul8va8on	

Reindeer	husbandry	

Organic	
farming	

Intensive	
farming	

Intensive	livestock	farming	

Greenhouses	
Hydroponics	

?	 Human	inputs	

Nature’s	inputs	

•  Are	not	”nature’s	contribu8ons	to	people”	or	society	
•  They	are	managed	–	co-produced	–	by	humans	and	
nature	

Soil	ecosystem	services	

Figs	from		
Rist	et	al		
2014	

Shiking	
cul8va8on	

Reindeer	husbandry	

Organic	
farming	

Intensive	
farming	

Intensive	livestock	farming	

Greenhouses	
Hydroponics	

?	
Most	things	we

	do	in	agricul
ture	is	managing	

(or	manipula8ng)	n
atural	proces

ses	for	the	

benefit	of	(at
	least	some)	humans/society	
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The	mental	picture	in	(much)	ecosystem	
services	research	is	wrong	

•  Ecosystem	services	in	produc8on	systems	need	
– Management	in	agriculture,	forestry	…	
– ES	produced	locally	in/close	to	managed	habitat		

NOT	LIKE	THIS	

The	mental	picture	in	(much)	ecosystem	
services	research	is	wrong	

•  Ecosystem	services	in	produc8on	systems	need	
– Management	in	agriculture,	forestry	…	
– ES	produced	locally	in/close	to	managed	habitat		

	
Soil	fer8lity	

Pest	control	

Forest	pest	
			control	

RATHER	LIKE	THIS	



18-02-27	

10	

The	short	term	and	the	long	term	
•  Soil	ecosystem	services	are	managed	and	
replenished	on	different	8me	scales	

•  Crop	yield,	farming	
–  Years	(max	20)	

Days Month  Year   Decades   Millennia    …       ...  

Microbial	ac8vity	

Microbial	genera8ons.		

Animal	pops.	Crops	&	farming.	

Soil	forma8on.	Geology	

TIME	SCALE	

SP
AT

IA
L	
SC
AL
E	

Animal	dispersal	
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•  Soil	ecosystem	services	are	managed	and	
replenished	on	different	8me	scales	

•  Crop	yield,	farming	
–  Years	(max	20)	

•  Microbes	
–  Days	-	weeks	

Days Month  Year   Decades   Millennia    …       ...  
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•  Crop	yield,	farming	
–  Years	(max	20)	

•  Microbes	
–  Days	-	weeks	

•  Earthworms	
–  Years	–	decades	

•  		
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The	short	term	and	the	long	term	
•  Soil	ecosystem	services	are	managed	and	
replenished	on	different	8me	scales	

•  Crop	yield,	farming	
–  Years	(max	20)	

•  Microbes	
–  Days	-	weeks	

•  Earthworms	
–  Years	-	decades	

•  Soil	fer8lity,	SOM	
–  Decades	-	centuries		 Days Month  Year   Decades   Millennia    …       ...  

Microbial	ac8vity	

Microbial	genera8ons.		

Organic	maner.	Soil	ferDlity	
Animal	dispersal.		

Soil	forma8on.	Geology	

TIME	SCALE	

SP
AT
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L	
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AL
E	

Animal	pops.	Crops	&	farming.	



18-02-27	

12	

The	short	term	and	the	long	term	
•  Soil	ecosystem	services	are	managed	and	
replenished	on	different	8me	scales	

•  Crop	yield,	farming	
–  Years	(max	20)	

Days Month  Year   Decades   Millennia    …       ...  

Microbial	ac8vity	

Microbial	genera8ons.		

Animal	pops.	Crops	&	farming.	

Organic	maner.	Soil	ferDlity	
Animal	dispersal.		

Soil	forma8on.	Geology	

We	are	
here	

TIME	SCALE	

SP
AT

IA
L	
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AL
E	

But	need	to	
manage	for	

this	

Soil	biodiversity	&	ecosystem	services	–	
	a	wicked	problem	

Mismatches	
•  Fast	microbial	vs.	plant	growth	vs.	slow	organic	
maner	processes	à	crop	produc8on	

•  Farmer’s	economical	8me	scales	vs.		
8me	scales	for	soil	fer8lity	and	sustainability	

•  How	value	essen8al	slow,	long-term	processes?	
–	managing	for	soil	fer8lity	
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Soil	biodiversity	&	ecosystem	services	–	
	a	wicked	problem	

•  Resilience	and	recovery	of	soil	ecosystem	services	
requires	the	long	8me	frame	
– And	may	never	be	possible	in	intensive	agriculture	

Managing	land	for	
resilience	

Intensive	land	use	

Uncertainty	and	variability	
increases	with	8me	

Pr
ov
isi
on

in
g	
ES
		

e.
g.
	p
ro
du

c8
on

	

(a)	Resilience	

A[er	Pue]man	2011	

Soil	biodiversity	&	ecosystem	services	–	
	a	wicked	problem	

•  Resilience	and	recovery	of	soil	ecosystem	services	
requires	the	long	8me	frame	
– And	may	never	be	possible	in	intensive	agriculture	

Managing	land	for	
resilience	

Intensive	land	use	

Uncertainty	and	variability	
increases	with	8me	
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Years	aker	agricultural		
conversion	

Agricultural	
conversion	

New		
SOM	
equil.	

Tropical	

Temperate	

SOM	
recovery	

Reduc8on	
in	mgmnt	
intensity	

(a)	Resilience	 (b)	Soil	organic	ma]er	restora:on	

Grandy	et	al.	2012	
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Trade-offs	between	ecosystem	services	
•  Provisioning	(produc8on)	and	other	ES	
	�…	emphasis	on	provisioning	services	to	meet		

the	increased	need	for	food,	fibre,	water	and	
energy,	has	resulted	in	degrada:on	of	many	….	
ecosystems	and	…	many	regula:ng,	suppor:ng		
and	cultural	services�	

•  Agricultural	intensifica8on	vs.		
other	services	

•  Crop	yield	vs.		Biological	control	
	 	 	 	 	 	Biodiversity 	(Geiger	et	al.	BAAE	2010)	
	 	 	 	 	 	Soil	fer8lity	

Trade-offs	between	ecosystem	services	
•  You	can’t	get	everything	
•  Example:	No-8ll,	earthworms	&	yields	
	 	 	Tillage 	 	 	 	 	 	 	No-8llage	
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Trade-offs	between	ecosystem	services	
•  You	can’t	get	everything	
•  Example:	No-8ll,	earthworms	&	yields	
	 	 	Tillage 	 	 	 	 	 	 	No-8llage	

Torppa,	Taylor	et	al.	in	prep.	

Trade-offs	between	ecosystem	services	
•  Good	management	can	enhance	mul8ple	services	
=	synergies	

•  A	forest	
example	

Spruce	+	Birch	 Spruce	+	Pine	

Tr
ee
		

pr
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n	
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y	
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So
il	
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on

	

Propor8on	spruce	

Propor8on	spruce	

Propor8on	spruce	

Propor8on	spruce	
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Trade-offs	between	ecosystem	services	

Spruce	+	Birch	 Spruce	+	Pine	
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Propor8on	spruce	

Propor8on	spruce	

Propor8on	spruce	

Propor8on	spruce	

Here:	In
tercropp

ing	(mixtures)	
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s	

mul8ple	e
cosystem

	services
	(but	no

t	soil	car
bon)	

•  Good	management	can	enhance	mul8ple	services	
=	synergies	

•  A	forest	
example	

Maintaining	and	restoring	soil	
biodiversity	and	ecosystem	services	

•  Future	agriculture	depands	on	healthy	produc8ve	soils	
•  Short	term	ac8ons	to	support	soil	ecosystem	services		

–  Policies	and	science	for		
-	maintaining	and	restoring	soil	organic	maner		
-	suppor8ng	posi8ve	interac8ons	among	soil	biota	
-	finding	management	prac8ces	targe8ng	ES	synergies	
	that	can	be	adopted	by	farmers	now	

•  Long	term	ac8ons	
–  Policy	instruments	for	maintaining	and	restoring	soil	fer8lity	
–  Targe8ng	soils	and	long	term	sustainability	in	future	CAPs	


